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Senescence leads to epigenomic destabilization invoking hallmarks of reprogramming and 
pluripotency
BC Capell,1 GL Otte,2 Z Dou,2 PP Shah,2 G Donahue,2 JS Pawlikowski,3 T McBryan,3 
T Rai,3 PD Adams3 and SL Berger2 1 Dermatology and Cell and Developmental Biology, 
University of Pennsylvania, Philadelphia, PA, 2 Cell and Developmental Biology, University 
of Pennsylvania, Philadelphia, PA and 3 Institute of Cancer Sciences, University of Glasgow, 
Glasgow, United Kingdom
Cellular senescence is considered a potential contributor to both tissue aging as well as tumor 
suppression, for example, following activation of an oncogene (oncogene-induced senescence, 
or OIS). Perhaps the most well-known example of this phenomenon is that of benign human 
nevi which can harbor activating mutations in oncogenes such as BRAF or NRAS, and yet remain 
growth-arrested for decades. As up to 50% of melanomas may arise in pre-exisitng nevi, it is clear 
that escape from OIS can lead to cancer. This escape is presumably accompanied by reprogram-
ming of the epigenome. Here we show that senescent cells exhibit features of a reprogrammed, 
more stem-like transcriptional program and epigenome. Specifically, OIS cells display increased 
expression of hallmark genes of pluripotency and archetypal embryonic signaling pathways. This 
increased transcription is concomitant with a widespread loss of H3K9me3 heterochromatic and 
nuclear lamina associated domains (LADs). These changes are strikingly similar to the H3K9me3 
loss during somatic cell reprogramming at the OSKM (Oct4, Sox2, Klf4, Myc) differentially bound 
regions (DBRs), where H3K9me3 is largely absent in stem cells. In addition, OIS leads to increased 
H3K4me3 at unique large-scale regions that are enriched for pluripotency genes and share extensive 
overlap with DBRs. Our data suggest that, although OIS confers tumor suppressive activity, certain 
stem-like epigenetic features may make a subpopulation of senescent cells susceptible to escape 
from OIS and formation of cancer stem cells. Finally, we present evidence that these large-scale 
alterations in the epigenetic landscape may predispose the genome to DNA damage and oncogenic 
mutations over time.    
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Peritumoral regulatory T cells and CD8+ T cells in cutaneous squamous cell carcinomas 
influence tumor immunity and metastatic potential
C Lai,1 R Behar,1 M Polak,1 M Ardern-Jones,1 J Theaker,2 A Al-Shamkhani3 and E Healy1 
1 Dermatopharmacology, University of Southampton, Southampton, United Kingdom, 2 
Histopathology, University Hospital Southampton NHS Foundation Trust, Southampton, 
United Kingdom and 3 Cancer Sciences, University of Southampton, Southampton, United 
Kingdom
Non-melanoma skin cancer is the most common type of cancer worldwide and squamous cell 
carcinomas (SCCs) cause significant problems due to their potential to metastasize. SCCs are 
surrounded by a peritumoral immune infiltrate which is seemingly incapable of mounting effec-
tive anti-tumor immune responses, and in this study, characterisation of the peritumoral immune 
infiltrate of human primary cutaneous SCCs was undertaken. Flow cytometry demonstrated more 
FOXP3+ Tregs in SCCs (19.8% of CD4+ population, n=37 tumors) than in both non-lesional skin 
and peripheral blood (p<0.0001). CD8+ T cells were also more frequent in SCCs (30.4% of CD3+ 
T cell population, n=26 tumors) than in non-lesional skin and peripheral blood (p=0.0012). FACS-
sorted CD3+CD4+CD25hiCD127lo peritumoral Tregs suppressed peritumoral effector T cell inter-
feron-gamma secretion in response to phytohaemagglutinin as demonstrated by enzyme-linked 
immunosorbent spot assays (mean suppression 25.2%, p=0.046, n=9 tumors). Phenotypic analysis 
of FOXP3+ Tregs in SCCs showed that they expressed the co-stimulatory receptors OX40 (28.5% 
of Tregs, n=8 tumors) and 4-1BB (9.7% of Tregs, n=10 tumors) at higher levels than peritumoral 
FOXP3 negative T cells (p=0.001 (OX40), p<0.0001 (4-1BB)). OX40 and 4-1BB expression was 
significantly increased in peritumoral FOXP3+ Tregs compared with Tregs from non-lesional skin 
and peripheral blood (p<0.0001). Immunohistochemistry showed increased FOXP3+ Treg/CD8+ 
T cell ratios in primary skin SCCs that metastasized compared with non-metastatic SCCs (FOXP3/
CD8 ratio 1.59 versus 0.37, p<0.0001, n=29 metastatic and 26 non-metastatic tumors). These results 
suggest that Tregs in cutaneous SCCs suppress immune responses and increased Treg to CD8+ T 
cell ratios may promote metastasis.    
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Identification of cancer stem cell population in leukemia cutis cases
P Sugianto1,2 and U Sundram1,2 1 Dermatology, Stanford University School of Medicine, 
Stanford, CA and 2 Pathology, Stanford University School of Medicine, Stanford, CA
Leukemia cutis is a rare yet clinically significant skin manifestation of systemic leukemia that often 
indicates aggressive disease progression, shorter remission, and poorer prognosis. Our research 
goal was to identify leukemic stem cells in a series of leukemia cutis cases as a way to show that 
cancerous leukemic stem cells may be the underlying reason for the aggressiveness of the disease, 
as stem cells are notoriously chemotherapy resistant. This was accomplished through performing 
immunohistochemical analysis of skin biopsies of leukemia cutis cases using different cancer stem 
cell markers. Among 52 cases of leukemia cutis, there are 25% that are CD38 positive, 7.6% that 
are CD34 positive, 28.8% that are CD123 positive, 42.3% that are CD44 positive, and 57.7% that 
are FLT3 positive. The majority (81%) of the cases at least have one positive among all markers 
tested. These results suggest that majority of leukemia cutis cases are positive for cancer stem cell 
markers and that this may explain the underlying mechanism for why leukemia cutis is associated 
with shorter remission. Targeting cancer stem cells may provide opportunities for more effective 
treatment of leukemia cutis.    
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The aryl hydrocarbon receptor (AHR) is a new target for prevention and treatment of cuta-
neous squamous cell carcinomas
T Haarmann-Stemmann, K Frauenstein, J Tigges, K Fischer, E Fritsche, C Esser and J Krutmann 
IUF - Leibniz Research Institute for Environmental Medicine, Duesseldorf, Germany
Apoptosis is an important mechanism in the epidermis restraining photocarcinogenesis by elim-
inating cells with irreparable DNA damage. Previously, we investigated the role of the AHR, a 
ligand-activated and UVB-sensitive transcription factor, in regulating apoptosis in human keratino-
cytes (KC) and mouse skin. We found that an inhibition of AHR resulted in a significant elevation of 
UVB-induced apoptosis in vitro and in vivo, which was due to a reduced expression of the cell-cycle 
regulators E2F1 and CHK1. Now, we investigated if targeting of this anti-apoptotic pathway affects 
UVB-induced skin carcinogenesis. Therefore, we performed a 24 week photocarcinogenesis study 
in AHR+/+ and AHR-/- SKH-1 mice. In contrast to control mice, we observed ~50% less skin tumors 
in AHR-/- mice, indicating for the first time that the AHR contributes to skin carcinogenesis and 
thus is a promising target for chemoprevention of cutaneous squamous cell carcinomas (cSCC). We 
next asked if the inhibitory effect of AHR on UVB-induced apoptosis is also retrievable in human 
A431 cSCC cells. UVB exposure of A431 cells resulted in an increase of apoptosis, which was 
further elevated by a 3’-methoxy-4’-nitroflavone (MNF)-mediated inhibition of AHR, indicating that 
AHR’s anti-apoptotic function is also present in cSCC cells. Hence, an enhancement of genotoxi-
cant-induced apoptosis through AHR antagonism might be of therapeutical relevance. Therefore, 
we co-exposed A431 cells to MNF and the 3 genotoxic drugs etoposide (topoisomerase inhibitor), 
cisplatin (intercalating agent), and 5-fluorouracil (antimetabolite), and subsequently investigated 
cell viability and apoptosis. In contrast to cells treated only with the genotoxicants, cells co-ex-
posed to MNF showed a markedly increase in apoptosis. Thus, a combined treatment with an AHR 
antagonist and a cytostatic drug may allow to reduce the dose/duration of chemotherapy of cSCC. 
We conclude that the AHR is a suitable target for both chemoprevention and treatment of cSCC.   
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Cytoskeletal protein Flii is elevated in human cSCCs and overexpression of Flii in mice leads 
to higher incidence and severity of tumour formation
Z Kopecki,1,2 G Yang,1 J Jackson,1 E Melville,1 V Martin,3 M Caley,3 C Proby,4 D Pouniotis,5 
D Murrell,6 I Darby,5 EA O’Toole3 and AJ Cowin1,2,7 1 Mawson Institute, University of South 
Australia, Adelaide, SA, Australia, 2 Women’s and Children’s Health Research Institute, 
Adelaide, SA, Australia, 3 Barts and the London, School of Medicine and Dentistry, University 
of London, London, United Kingdom, 4 University of Dundee, Dundee, United Kingdom, 5 
School of Medical Sciences, RMIT University, Melbourne, VIC, Australia, 6 Dermatology 
Department, St George Hospital and University of New South Wales, Sydney, NSW, Australia 
and 7 Discipline of Paediatrics, University of Adelaide, Adelaide, SA, Australia
Cutaneous Squamous Cell Carcinomas (cSCC) are highly invasive and often fatal in immunocom-
promised patients. The cytoskeleton is known to mediate processes important in tumorigenesis. 
Flightless I (Flii), an actin remodelling protein and a negative modulator of wound healing, is 
highly elevated in human cSCC tumours and serum samples. Using sporadic cSCC cell lines in a 
3D organotypic skin model, we have shown that Flii is specifically expressed by invading cSCC 
cells. Application of Flii neutralising antibodies (FnAb) (50μg/ml) to cSCC cells blocks cellular 
invasion. cSCCs were induced in Flii heterozygous (Flii+/-), wild-type (Flii+/+) and Flii transgenic 
(FliiTg/Tg) mice following a single intradermal injection of 3-Methylcholanthrene (MCA). A higher 
incidence, quicker onset, and more acute development of necrotic cSCC with significantly larger 
macroscopic and microscopic areas were observed in FliiTg/Tg mice. In contrast, Flii+/- mice 
exhibited fewer, smaller and less invasive tumours. To determine if exogenously lowering the 
level of Flii in the cSCC mouse model could reduce the size and severity of tumours, intradermal 
injections of 100μl FnAb (50μg/ml) were administered prior to and/or during cSCC initiation and 
development. Tumour growth and invasion was significantly reduced following FnAb treatment 
compared to IgG controls in FliiTg/Tg and wild-type mice. These results suggest that elevated Flii in 
cSCCs may contribute to tumour formation and invasion and that lowering Flii levels may reduce 
the incidence and severity of cSCC.    
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Mapping cytogenetic abnormalities in cutaneous T-cell lymphoma with FISH
EC Newsom,1 H Heng2 and J Kado1 1 Department of Dermatology, Wayne State University, 
Detroit, MI and 2 Center for Molecular Medicine and Genetics, Wayne State University, 
Detroit, MI
In cutaneous T-cell lymphoma (CTCL), fluorescent in situ hybridization (FISH) has potential clinical 
significance to aid in identification, prognosis and treatment. A new diagnostic tool is needed 
because there are now difficulties in identification of early cases, leading to a 2-7 year delay in 
diagnosis. We attempted to analyze recently described chromosomal gains and deletions using FISH 
technology on skin tissue specimens from patients with CTCL. The chromosomal region targeted 
was 9p21.3, encoding CDKN2A, CDKN2B, MTAB genes, which was identified in comparative 
genomic hybridization (CGH) arrays to be associated with late tumor stage CTCL. We compared 
two groups: early patch/plaque stage and late nodular/tumor stage CTCL. For controls, we used 
biopsy specimens from patients with benign inflammatory diseases. All CTCL specimens were found 
to have fluctuation in copies of the 9p21.3 region, however there was no fluctuation in copies of 
the control probe (p53). These fluctuations did not correlate with stage, as there was no significant 
difference in copy numbers when comparing patch/plaque stage (n=7) versus nodular/tumor stage 
(n=4). The anuploidy in these CTCL specimens indicates genomic instability, however we are unsure 
of whether this correlates to chromosomal instability in these specimens. Although limited by small 
sample size, we found significant heterogeneity in 9p21.3 copy number in CTCL specimens that did 
not correlate to stage. Even though our findings are not able to stratify between early and late tumoral 
stage of CTCL, we are able to further understand the biology of CTCL. Hopefully, this will lead to 
further research to identify a specific gene and chromosome aberration profile of a specimen could 
potentially determine the stage of disease, thereby allowing better risk stratification, prognosis and 
genetic counseling. The ability to have detailed information on individual tumors on the genomic 
level could also lead to future tailored treatment regimens and even gene therapy.    
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Autophagy addiction as a mechanism of vemurafenib resistance in melanoma and its suc-
cessful blockade with hydroxychloroquine
J Arbesman,1,2 K Zhang2 and B Bedogni2 1 Dermatology, University Hospitals/Case Medical 
Center, Cleveland, OH and 2 Biochemistry, Case Western Reserve University, Cleveland, 
OH
The use of vemurafenib in the treatment of metastatic melanoma, while significantly prolonging 
patient survival, has been marked by the development of drug resistance. Autophagy has been found 
to be a mechanism of resistance of cancer cells to various chemotherapeutic agents. In this study, we 
demonstrate the role that autophagy plays in the development of vemurafenib (PLX-4032) resistance 
in melanoma cells. Using SK-MEL-239 melanoma cells that had been made resistant to PLX-4032 
by a method that recapitulates the way patients’ tumors acquire resistance (4 separate resistant 
clones were used), we found decreased p62 protein expression levels in the resistant cell lines after 
exposure to PLX-4032, but not in the sensitive parental cells. Additionally, the ratio of LC3-II to I 
increased with exposure to PLX-4032 in multiple clones (and the sensitive cells), as well as some 
resistant cell lines demonstrating higher basal levels of LC3-II compared to the parental cell line. 
Treatment with hydroxychloroquine, an autophagy inhibitor and clinically available medication, 
restored resistant cell lines’ sensitivity to PLX-4032. This was demonstrated by decreased viability 
of the resistant cells to the level achieved by PLX-4032 alone in sensitive cells. The combination 
of hydroxychloroquine with PLX-4032 was found to have a synergistic effect in the resistant cell 
lines, which was not seen to the same degree in the parental cells. In conclusion, with confirmation 
with future in vivo data, our data indicate that vemurafenib-resistant melanoma cells are autophagy 
addicted, and autophagy inhibition can be a new avenue in restoring sensitivity to vemurafenib.   
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Proteomic analysis and functional studies of baicalin on proteins associated with skin cancer
Q Qian,1 W Min,1,2 L Jiang,2 X Yu1 and D Luo2 1 Department of Dermatology, The First 
Affiliated Hospital of Soochow University, Suzhou, China and 2 Department of Dermatology, 
The First Affiliated Hospital of Nanjing Medical University, Nanjing, China
Baicalin is a major bioactive component of Scutellaria baicalensis Georgi, which has been found to 
exhibit antitumor activity. However, the anti-carcinogenic mechanism of baicalin is not completely 
understood. The aim of the present study is to investigate the cellular gene targets responsible for 
baicalin’s antitumor activity through performing 2-DE and LC-MS/MS analysis with skin keratino-
cytes HaCaT cells following UVB and baicalin exposure. Nucleophosmin (NPM)-specific siRNA 
was designed and synthesized, and the small interfering RNA was transfected into skin squamous 
cancer A431 cells to knockdown the NPM expression. Proliferation and cell cycle status were 
assessed by CCK8 and flow cytometric analyses, respectively. We have identified 38 protein spots 
that are differentially expressed in HaCaT cells exposed to baicalin and/or UVB irradiation. These 
proteins are involved in detoxification, proliferation, metabolism, cytoskeleton and motility. In 
particular we found several proteins that have been linked to tumor progression and resistance, 
such as NPM. Baicalin treatment reduced the cellular proliferation rate and induced S phase arrest 
of the cell cycle in A431 cells. NPM silencing significantly enhanced these anticancer effects of 
baicalin with 2-fold (p<0.05) greater efficiency to A431 cells. Our data indicated that baicalin results 
in significant inhibition of tumor growth in the A431 cell line, which may be associated with the 
regulation of the NPM gene expression.    
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EphB2 receptor tyrosine kinase regulates growth and invasion of cutaneous squamous cell 
carcinoma
M Farshchian,1 L Nissinen,1 E Siljamäki,1 A Kivisaari,1 M Kallajoki,2 P Riihilä,1 E Veräjänkorva,3 
T Pihlajaniemi,4 R Heljasvaara,4 R Grénman,5 S Peltonen,1 J Peltonen6 and V Kähäri1 1 
Dermatology and MediCity Research Laboratory, University of Turku, Turku, Finland, 2 
Pathology, University of Turku, Turku, Finland, 3 Plastic and General Surgery, University of 
Turku, Turku, Finland, 4 Medical Biochemistry and Molecular Biology, University of Oulu, 
Oulu, Finland, 5 Otorhinolaryngology, Head and Neck Surgery, University of Turku, Turku, 
Finland and 6 Anatomy and Cell Biology, University of Turku, Turku, Finland
Erythropoietin-producing hepatocellular (Eph) receptors represent the largest family of receptor 
tyrosine kinases. We have studied the role of Eph receptors in cutaneous SCC (cSCC). Specific 
upregulation of EphB2 was noted in cSCC cell lines (n=8) and tumors (n=6) compared with nor-
mal human epidermal keratinocytes (n=5) and normal skin (n=7) using Affymetrix-based expres-
sion profiling, SOLiD™ whole transcriptome analysis, quantitative RT-PCR, Western blotting and 
immunofluorescence staining. Tumor cell-specific overexpression of EphB2 in human cSCC in 
situ (n=56) and sporadic cSCC (n=68) was noted compared with premalignant lesions (n=69) and 
normal skin (n=12) in vivo (p<0.001). Moreover overexpression of EphB2 was noted in chemically 
induced mouse cSCC (n=19) compared with untreated skin (n=13) (p<0.001). Knockdown of EphB2 
resulted in inhibition of proliferation, migration and invasion of cSCC cells. Invasion of tumor cells 
(z-score= -2.099, p<0.001) and migration of tumor cells (z-score= -2.358, p<0.001) were among 
the top biofunctions significantly decreased after EphB2 knockdown. EphB2 knockdown was found 
to inhibit expression of matrix metalloproteinase-1 and -13. In a human cSCC xenograft model, in 
SCID mice growth of tumors established with EphB2 siRNA transfected cSCC cells (n=8) delayed 
compared with controls (n=7) (p=0.004 at day 28) and this was associated with decreased number 
of proliferating cells (p=0.006). Collectively these findings implicate EphB2 in progression, invasion 
and growth of cSCC, suggesting it as an attractive therapeutic target in these tumors.    
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UV-induced mutations in mitochondrial DNA induce CCL20 up-regulation promoting tum-
origenic phenotypes
J Jandova1,2 and J Sligh1,2 1 Medicine - Dermatology, University of Arizona, Tucson, AZ and 
2 University of Arizona Cancer Center, Tucson, AZ
mtDNA mutations are common in human cancers and are thought to contribute to the complex 
process of neoplasia. We examined the role of mtDNA mutations in skin cancer by generating 
fibroblast cybrid cells harboring a mutation in the gene encoding the mitochondrial tRNA for 
arginine. This somatic mutation (9821insA) was previously reported in UV-induced hyperkeratotic 
skin tumors in hairless mice and confers specific tumorigenic phenotypes to mutant cybrid cells. 
Gene expression microarray analysis revealed that this mtDNA mutation resulted in up-regulation of 
chemokine CCL20 and its receptor CCR6. RT-PCR and western blot analysis confirmed up-regulation 
of CCL20 in mutant mtBALB haplotype compared to wild type mtB6 haplotype. Based on reported 
role of CCL20 in tumor progression we examined whether the hyper-proliferation and enhanced 
motility of mutant haplotype would be associated with increased CCL20 levels. Treatment of both 
genotypes with recombinant CCL20 (rmCCL20) resulted in enhanced proliferation and motility 
of wild type cybrid cells. When rmCCL20 or mutant cybrid cells expressing high levels of CCL20 
were used as chemotactic stimuli, wild type cybrid cells showed increased migratory abilities while 
anti-CCL20 neutralizing antibody was able to significantly decrease cellular growth and motility of 
mutant cybrids. Inhibitors of MAPK signaling and NF-κB activation were able significantly inhibit the 
expression of CCL20 in mutant cybrid cells and decreased their migratory capabilities. Moreover, 
the acquired somatic mutation at the mt-Tr locus (9821insA) enhanced the in vivo tumor growth of 
mutant cybrids through the up-regulation of CCL20 since neutralizing anti-CCL20 antibody was able 
significantly decrease in vivo tumor growth of these cybrid cells and tumors from anti-CCL20 treated 
mice injected with mtBALB cybrid cells showed significantly decreased levels of chemokine CCL20. 
Thus, acquired mtDNA mutations that occur in cancer may promote tumorigenic phenotypes in 
cells through the up-regulation of chemokines such as CCL20.    
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Chronic allergic contact dermatitis acts as a potent tumor promoter in the skin
S Demehri, TJ Cunningham, EA Hurst, A Schaffer, DM Sheinbein and WM Yokoyama 
Department of Medicine, Division of Dermatology and Division of Rheumatology, 
Washington University School of Medicine, St. Louis, MO
Allergic contact dermatitis (ACD) is a well-recognized adverse event in patients who receive implant-
able orthopedic devices containing allergenic materials like Nickel. However, the chronic conse-
quences of such exposures are not well understood. Here, we report a novel case of a marjolin’s ulcer 
developing at the site of an orthopedic device placement and demonstrate the mechanism leading 
to this adverse event. A patient with no history of skin cancer developed an ulcerated plaque along 
the lateral aspect of her left ankle over the 3 years following an ankle fracture repair using metal 
rod placement to stabilize the bone. The patient was allergic to nickel contained in the hardware. 
Biopsy of the lesion showed an invasive squamous cell carcinoma (SCC) extending to the bone. 
Based on this clinical observation, we hypothesized that chronic ACD on the sun-exposed skin 
created a potent tumor-promoting milieu leading to the formation of SCC. We tested this hypothesis 
in mice using a common contact hypersensitivity agent, 1-Fluoro-2,4-dinitrobenzene (DNFB), to 
generate a model of chronic ACD on a carcinogen-exposed skin. The chronic application of DNFB 
to a DMBA-treated skin led to the development of papillomas and rare cases of aggressive SCC 
in the animals. These tumors were associated with severe inflammation dominated by T helper 2 
immune response. Considering that type 2 immunity is a known inducer of tumorigenesis, our find-
ings strongly suggest that chronic ACD caused by constant and long-term exposure to an allergen, 
as seen with implantable devices, can create a potent tumor-promoting environment in the skin. 
This exposure can lead to skin cancer development at sites with pre-existing cancer-initiated cells 
formed by exposure to UV radiation or other carcinogens. Our finding has great implications for 
the monitoring of implantable devices that are placed in the proximity of the skin and highlights 
the importance of patch testing prior to the placement of such devices.    
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The chemokine receptor 4 (CXCR4) in primary cutaneous melanoma - Correlation of expres-
sion with established prognosticators, BRAF status and expression of its ligand CXCL12
B Mitchell,1 D Leone,2 JK Feller,3 P Bondzie,4 S Yang,4 HY Park1 and M Mahalingam3 1 
Graduate Medical Sciences, Boston University School of Medicine, Boston, MA, 2 School of 
Public Health, Boston University, Boston, MA, 3 Dermatopathology Section, Department of 
Dermatology, Boston University School of Medicine, Boston, MA and 4 Pathology, Boston 
University School of Medicine, Boston, MA
Dysregulation of the chemokine receptor 4 (CXCR4) and its primary ligand CXCL12 (SDF-1, stromal 
derived factor-1), has been implicated in the progression of melanoma. However, the potential 
cooperativity of the CXCR4/CXCL12 axis with established prognosticators as well as the BRAF 
status in primary cutaneous melanoma (PCM) has yet to be explored. Archived tissue samples 
with a diagnosis of PCM were retrieved and a total of 107 cases identified as meeting criteria for 
inclusion. Protein expression of CXCR4 and CXCL12 were assessed using commercially available 
rabbit polyclonal antibodies (Ab2074 and Ab9797, Abcam, Cambridge, MA, USA). For IHC, a 
semi-quantitative scoring (ranging from 0-3) was used and cases with a score of ≥2 (>10%) were 
considered positive. DNA analyses for BRAF status was performed on all samples. In a univariate 
analysis, compared with CXCR4 negative samples, the proportion of CXCR4 positives was signifi-
cantly greater in melanomas with absence of the following: mitotic figures, ulceration, regression 
and CXCL12 expression. Among samples from patients presenting at shallower stages (AJCC 1-2), 
we found a significantly larger CXCR4 positive proportion compared to patients presenting at deeper 
stages (3-4). In a multivariable logistic regression analyses, compared to stage-1, stage-3 (OR=0.16, 
95%CI: 0.04–0.68) and stage-4 (OR=0.21, 95%CI: 0.03–0.92) were significantly associated with 
lower odds of staining CXCR4. Also, mitoses were significantly associated with lower odds of CXCR4 
staining (OR=0.21, 95%CI: 0.06–0.73). Our findings indicate that CXCR4 protein expression is less 
frequently observed in melanomas with mitoses and depth >2mm suggesting that it may represent 
a good prognosticator in PCM.    
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Rapamycin reprograms tumor cell metabolism in a murine model of cutaneous T-cell 
lymphoma
X Wu, J Garner, ST Hwang and SM Schieke Dermatology, Medical College of Wisconsin, 
Milwaukee, WI
Cancer cell metabolism is characterized by a high glycolytic rate under normoxic conditions, a 
phenomenon known as the Warburg effect. The mTOR signaling pathway is a master regulator 
of cancer cell proliferation and metabolism. We previously characterized the antitumor effect of 
topically applied rapamycin, an mTOR pathway inhibitor, in a murine model of T-cell lymphoma. 
In the current study, we examine the metabolic changes in tumor cells in the skin lymphoma 
model. MBL2 murine T lymphoma cells were injected into ears of C57BL/6 mice followed by a 
single topical application of dinitrofluorobenzene, a contact sensitizing agent, to the injection site. 
Application of rapamycin from day 6 to 12 led to a marked decrease in tumor size as assessed 
by ear thickness compared to controls (0.78 mm vs. 2.26 mm, p<0.05). Analysis of the metabolic 
phenotype showed a substantial reduction of the glycolytic rate in MBL2 cells treated with rapamycin 
in contrast to a much smaller reduction of the mitochondrial oxygen consumption rate. As a result 
of this preferential reduction of aerobic glycolysis in rapamycin-treated cells, complete inhibition 
of glycolysis with 2-deoxyglucose led to a smaller decrease of cellular ATP levels (35% vs. 56%, 
p<0.05). These results suggest that rapamycin-treated cells derived less of their ATP from aerobic 
glycolysis with a relative increase in ATP coming from oxidative phosphorylation. This functional 
decrease in glycolytic rate was associated with reduced expression of glucose transporter 1 and 
key glycolytic enzymes in rapamycin-treated MBL2 cells. The same changes were demonstrated 
in MBL2 cell tumors of mice treated with topical rapamycin indicating a similar metabolic repro-
graming in vivo. In summary, we were able to demonstrate that the therapeutic antitumor effect of 
topical rapamycin in a murine model of T-cell lymphoma is characterized by inhibition of aerobic 
glycolysis, which thereby counteracts the Warburg effect of lymphoma cells.    
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Characterization of sAC mutations identified in human cancers
C Waintraub,1 L Ramos-Espiritu,1 A Bacchiocchi,2 R Halaban2 and JH Zippin1 1 Dermatology, 
Weill Cornell Medical College, New York, NY and 2 Dermatology, Yale School of Medicine, 
New Haven, CT
The MAP Kinase pathway RAS/RAF/MEK/ERK plays a critical role in cell growth, and activation of 
this pathway has been implicated in tumor development. Cyclic adenosine monophosphate (cAMP) 
is a key signaling molecule, which has conflicting effects on MAPK activity and cancer progression. 
While cAMP elevation can prevent malignant transformation by suppressing C-RAF activation, 
cAMP can enhance metastasis and therapy resistance in melanoma. Thus, cAMP plays a complex, 
poorly understood, yet substantial role in cancer development. Soluble adenylyl cyclase (sAC), an 
enzyme that synthesizes cAMP, is unique among adenylyl cyclases in that it is not permanently 
bound to the plasma membrane and is regulated by bicarbonate and ATP which enable it to 
function as a metabolic sensor. sAC protein is differentially localized in cancer cells as compared 
to benign cells. Distinctive sAC immunostaining patterns have been identified in melanoma and 
squamous cell cancer of the skin. Our lab has demonstrated that sAC knock out cells exhibit a 
cancer-like metabolic phenotype, which is known to support tumor growth. Given this data, we 
questioned whether this protein is altered in cancer. We have identified mutations in sAC that are 
conserved across cancers, including melanoma, uterine and ovarian cancer. Therefore, we predict 
that mutations in sAC alter activity and localization of the enzyme. We have generated sAC cDNAs 
containing known cancer mutations and characterized their activity and localization. A number 
of sAC mutations completely inactivated enzymatic activity without altering protein expression or 
stability, while others appear to modify regulation or localization of the enzyme. Overexpression 
of one mutant cDNA that encodes an inactive cyclase leads to cellular changes identical to sAC 
knockdown cells, suggesting that these mutations may have relevant biology and may function 
in a dominant negative fashion. Understanding the role of sAC in cancer biology may inform the 
development of novel therapeutics and biomarkers for malignancy.    
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Targeting macrophage migration inhibitory factor in ultraviolet light-induced squamous cell 
carcinogenesis
P Nagarajan, K Tober, A Satoskar and T Oberyszyn Pathology, The Ohio State University- 
Wexner Medical Center, Columbus, OH
Macrophage Migration Inhibitory Factor (MIF) is a homotrimeric proinflammatory cytokine impli-
cated in chronic inflammatory diseases and malignancies including cutaneous squamous cell carci-
nomas (SCC). The role of MIF in the development and progression of ultraviolet-B light (UV)-induced 
inflammation and SCC has been demonstrated using knock-out and transgenic mouse models. To 
determine if MIF inhibition can reduce ultraviolet-B light (UVB)-induced inflammation and squa-
mous carcinogenesis, we utilized CPSI-1306, a MIF inhibitor (MIFi) that disrupts homotrimerization. 
To examine the effect of MIFi on acute UVB-induced skin changes, we systemically treated Skh-1 
hairless mice with MIFi for 5 days prior to UVB exposure. In addition to decreasing the skin thick-
ness and myeloperoxidase activity, MIFi pretreatment increased keratinocyte apoptosis and p53 
expression, decreased proliferation and phospho-histone H2A.X expression, and enhanced repair 
of cyclobutane pyrimidine dimers. To examine the effect of MIFi on squamous carcinogenesis, 
we exposed mice to UVB for 10 weeks, followed by MIFi treatment for 8 weeks. MIFi decreased 
the density of UVB-associated p53 foci in non-tumor bearing skin to approximately 50%, while 
also decreasing the epidermal Ki67 proliferation index. In addition to slowing the rate of tumor 
development, MIFi also decreased the average tumor burden per mouse. While MIFi-treated mice 
developed only papillomas, 28.6% of papillomas in vehicle-treated mice progressed to SCC. Thus, 
MIF inhibition is a promising strategy for prevention of the deleterious cutaneous effects of acute 
and chronic UVB exposure.    
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Firmocidin, a small molecule produced by S. epidermidis, provides antineoplastic and anti-
biotic function from the commensal skin microbiome
T Nakatsuji,1 LL Trzoss,2 W Fenical2 and RL Gallo1 1 Dermatology, UC San Diego, San 
Diego, CA and 2 Scripps Institution of Oceanography, UC San Diego, San Diego, CA
Commensal bacteria benefit skin health by producing molecules that act as antibiotics or immune 
modulators. To further discover functions of the skin microbiome we conducted a high-throughput 
screen of bacteria isolated from normal human skin and isolated a compound produced by S. 
epidermidis with potent antimicrobial activity. Using HPLC, mass spec and NMR analyses, the 
structure was found to be a unique new natural product (6-N-hydroxyaminopurine). We named 
this chemical Firmocidin from the Latin words Firmo (to strengthen) and cidal (to kill). In vitro, 
Firmocidin suppressed growth of pathogens S. aureus, MRSA, Group A Streptococcus (GAS), Group 
B Streptococcus, P. aeruginosa and E. coli, and was more potent than benzoyl peroxide, but did 
not affect the growth of S. epidermidis itself. Furthermore, when live S. epidermidis producing 
Firmocidin was applied on mouse skin they could eliminate a subsequent surface challenge by S. 
aureus or GAS within 3 hours. Firmocidin appears to act by inhibition of DNA synthesis due to 
its similarity to Adenine, as it suppressed BrdU incorporation into genomic DNA of GAS within 
1 hour (p=0.001) and suppressed in vitro DNA synthesis by Klenow polymerase if the template 
required use of Adenosine or Thymidine for base pairing. Given this function to inhibit DNA 
synthesis, we explored the antineoplastic effects of Firmocidin and discovered that at doses equiv-
alent to that produced in culture (0.1~10 μg/mL) it potently inhibited growth of various cancer cell 
lines: B16F10 melanoma, Pam212 squamous cell carcinoma and L5178Y lymphoma, but did not 
inhibit the growth of normal human keratinocytes nor appear toxic when injected i.v. into mice. 
Tumore size of B16F10 melanoma was also suppressed by >60% (p<0.01) in mice injected with 
firmocidin i.v. compared to vehicle control. Our data suggest the novel concept that colonization 
by microbiome producing Firmocidin may provide both antimicrobial activity and antineoplastic 
activity to normal human skin.    
174
Ectopic expression of cancer testis antigens in cutaneous T-cell lymphoma (CTCL) patients
I Litvinov,1 B Cordeiro,1 H Zargham,1 K Pehr,1 M Dore,2 M Gilbert,2 Y Zhou,3 TS Kupper4 
and D Sasseville1 1 Dermatology, McGill University, Montreal, QC, Canada, 2 Dermatology, 
Laval University, Quebec City, QC, Canada, 3 Dermatology and Skin Science, The University 
of British Columbia, Vancouver, BC, Canada and 4 Dermatology, Brigham and Women’s 
Hospital, Boston, MA
The pathogenesis of CTCL remains only partially understood. A number of recent studies attempted 
to identify novel diagnostic markers and future therapeutic targets. One group of antigens, can-
cer-testis (CT) antigens, normally present solely in testicular germ cells, can be ectopically expressed 
in a variety of cancers. Based on previous studies a number of CT antigens were reported to be 
ectopically expressed in CTCL patients. In the current work we test the expression of a subset of CT 
genes by RT-PCR in a cohort of 60 CTCL patients, normal skin samples, lesional skin from benign 
inflammatory dermatoses and in 11 patient-derived CTCL cell lines. We correlate such expression 
with the p53 status and explore the molecular mechanism behind their ectopic expression in 
these cells. Our findings demonstrate that SYCP1, SYCP3, REC8, SPO11 and GTSF1 genes are 
heterogeneously expressed in CTCL patients and patient-derived cell lines, while cTAGE1 was 
found to be robustly expressed in both. Mutated p53 status did not appear to be a requirement for 
the ectopic expression of CT antigens. While T cell stimulation resulted in a significant upregu-
lation of STAT3 and JUNB expression, it did not significantly alter the expression of CT antigens. 
Treatment of cells with Vorinostat or Romidepsin Histone Deacetylase (HDAC) inhibitors resulted 
in a significant dose-dependent upregulation of expression of SYCP1, cTAGE1, REC8 and SPO11 
mRNA, but not protein, in CTCL cell lines, while treatment of cells with Histone Acetyltransferase 
(HAT) inhibitor (Anacardic Acid) significantly downregulated the baseline expression of SCP1 and 
SPO11 mRNA. Comparison of expression between CTCL and non-malignant skin samples demon-
strated that SYCP1, cTAGE1 and GTSF1 were expressed in CTCL, but not in normal skin or benign 
inflammatory dermatoses.    
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Analysis of signal transducers and activators of transcription (STAT) mRNA and protein 
expression in cutaneous T-cell lymphoma (CTCL) patients and patient-derived cell lines
B Cordeiro,1 I Litvinov,1 H Zargham,1 M Doré,2 K Pehr,1 M Gilbert,2 Y Zhou,3 TS Kupper4 
and D Sasseville1 1 Dermatology, McGill University, Montreal, QC, Canada, 2 Dermatology, 
Laval University, Quebec City, QC, Canada, 3 Dermatology and Skin Science, The University 
of British Columbia, Vancouver, BC, Canada and 4 Dermatology, Brigham and Women’s 
Hospital, Boston, MA
Many recent studies attempted to elucidate the pathogenesis of CTCL. Persistent activation of 
transcription factors of the signal transducers and activators of transcription (STAT) protein family 
has been implicated in the pathogenesis of a variety of cancers, including CTCL. While a number 
of STAT signaling members including STAT3, STAT4 and STAT5 have been extensively studied, 
the role of other STAT proteins in CTCL remains only partially understood. Hence, we wanted 
to investigate the expression of STAT signaling members in CTCL patients, normal skin samples, 
lesional skin from benign inflammatory dermatoses and in 11 patient-derived CTCL cell lines. Our 
findings demonstrate that STAT1, STAT2 and STAT3 were heterogeneously expressed in CTCL 
lesional skin and in non-malignant skin biopsies, STAT4 and STAT5A were preferentially expressed 
in CTCL samples, while STAT5B and STAT6 were primarily expressed in normal skin and in benign 
inflammatory dermatoses. We further report the expression of STAT mRNA and proteins in 11 
patient-derived CTCL cell lines and document that such expression is upregulated by T cell stim-
ulation treatment using PMA (phorbol 12-myristate 13-acetate) and ionomycin or magnetic beads 
coated with anti-CD3 and anti-CD28.    
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DBC1 modulates ΔNp63α function in squamous cell carcinoma
MR Ramsey,1 RF Cardoso,1 JG Rheinwald1 and LW Ellisen2 1 Dermatology, Brigham and 
Women’s Hospital, Boston, MA and 2 Cancer Center, Massachusetts General Hospital, 
Boston, MA
Squamous cell carcinoma (SCC) is a treatment-refractory subtype of human cancer arising from 
stratified epithelium of the skin, lung, esophagus, oropharynx and other tissues. The p53 family 
member ΔNp63α is widely expressed in SCC and is essential for tumor maintenance, promoting 
both survival and proliferation. Biochemical studies have shown that ΔNp63α can promote sur-
vival by binding to TAp73 and thereby inhibiting its pro-apoptotic activity, as well as by a direct 
repression of target genes by associating with HDAC1/2. In order to identify other proteins regulat-
ing ΔNp63α function, we performed Tandem Affinity Purification (TAP) of ΔNp63α from nuclear 
extracts of human SCC cells. We have identified a complex containing ΔNp63α and the protein 
DBC1 (KIAA1967). Glycerol gradient fractionation of SCC cell nuclear extracts following ΔNp63α 
immunoprecipitation show that the ΔNp63α-DBC1 complex is distinct from ΔNp63α-HDAC1/2 
and ΔNp63α-TAp73, suggesting a novel function for this complex. Using a murine DMBA-induced 
skin carcinogenesis model, we demonstrate an expansion of Dbc1-expressing cells and coordinate 
expression of ΔNp63α and Dbc1 in SCC tumors. These data suggest an important role for the 
ΔNp63α-DBC1 complex in cutaneous SCC tumors.    
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TOX expression and role in CTCL
LY McGirt,1,2 CA Necessary,2 DA Baerenwald,2 VE Johnson,2 JA Zic,2 JP Zwerner2 and 
CM Eischen2 1 Levine Cancer Institute/CMC, Charlotte, NC and 2 Vanderbilt University 
Medical Center, Nashville, TN
Cutaneous T-cell lymphomas (CTCL) are skin malignancies including mycosis fungoides (MF) and 
CD30+ lymphoproliferative disorders (LPD). MF/CTCL have increased expression of thymocyte 
selection-associated HMG box protein (TOX) and transcription factor GATA3. TOX has been pro-
posed to be a potential diagnostic marker for MF, but it is unclear what drives TOX expression or 
its role in MF/CTCL. We propose to validate the utility of TOX as a diagnostic marker of MF. We 
also hypothesize evaluation of TOX levels across a spectrum of MF, including MF precursor (large 
plaque parapsoriasis, LPP), will help elucidate the implications of altered TOX expression. Staining 
for TOX was performed on MF (n=53), benign inflammatory dermatoses (BID, n=24), CD30+ LPD 
(n= 20), and LPP (n=9). TOX expression was graded (0-3 scale) by a single dermatopathologist. 
CTCL cell lines and TOX and GATA3 siRNA were used to evaluate the role and regulation of TOX 
in CTCL. Positive TOX expression was identified in 73.6% of MF cases, and in 45.8% of BID. TOX 
had a positive predictive value (PPV) for MF of 78% and a negative predictive value (NPV) of 48.1%. 
Strong TOX expression (grade 2-3) was identified in 62.3% of MF cases, and 12.5% of BID, with 
a PPV of 91.7% and NPV of 51.2%. TOX expression in MF was found more commonly in Black 
patients (p=0.015) and less commonly in transformed MF (p=0.045). 50% of CD30+ LDP had 
minimal staining for TOX, whereas only 5% had strong TOX expression. LPP had positive staining 
in 66.7% and 44.4% had strong TOX expression. In CTCL cells, knockdown of GATA3 decreased 
TOX mRNA and protein expression, and knockdown of TOX reduced cell growth. TOX is useful as 
a diagnostic marker in MF with an increased PPV seen with stronger TOX staining. TOX expression 
is evident in LPP indicating it may play a role in the development of MF. There was little TOX in 
CD30+ LPD and also reduced levels in transformed MF, indicating less of a role in these malig-
nancies. Lastly data show GATA3 levels regulate TOX, which in turn can affect CTCL cell growth.   
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ABCB5 inhibition sensitizes Merkel cell carcinoma cells to chemotherapy-induced apoptosis
S Kleffel,1 N Lee,1 C Lezcano,2 K Sobolewski,1 H Mueller,1 A DoRosario,3 L Wang,3 
MH Frank,1,4 GF Murphy2 and T Schatton1,4 1 Department of Dermatology, Brigham and 
Women’s Hospital, Harvard Medical School, Boston, MA, 2 Department of Pathology, 
Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, 3 Dana-Farber/
Brigham and Women’s Cancer Center, Harvard Medical School, Boston, MA and 4 
Transplantation Research Center, Children’s Hospital Boston, Harvard Medical School, 
Boston, MA
Merkel cell carcinoma (MCC) is a rare and highly aggressive neuroendocrine carcinoma of the 
skin. The development of chemotherapy resistance poses a major barrier to improving patient 
outcomes in the systemic treatment of MCC, and thus, dissecting the mechanisms underlying MCC 
therapeutic refractoriness is of paramount importance. Here, we demonstrate that ATP–binding 
cassette member B5 (ABCB5) identifies chemoresistant MCC subpopulations and show that ABCB5 
inhibition sensitizes MCC cells to carboplatin- and etoposide-induced killing. ABCB5 mRNA and 
protein expression were detected in established MCC lines and clinical MCC specimens. In vitro, 
ABCB5+ MCC cells exhibited preferential survival after treatment with the standard-of-care agents, 
carboplatin and etoposide. In MCC xenograft models, monotherapy of MCC-bearing mice with 
carboplatin or etoposide resulted in markedly increased ABCB5 levels compared to vehicle-treated 
controls when residual disease was detected. Consistent with these findings, analysis of successive, 
patient-matched MCC biopsy specimens obtained pre- and post-chemotherapy treatment revealed 
enhanced frequencies of ABCB5+ MCC cells in post-chemotherapy biopsies. Mechanistically, anti-
body-mediated ABCB5 blockade significantly reversed resistance of MCC cells to carboplatin and 
etoposide in vitro. In MCC xenograft-bearing mice, ABCB5 inhibition sensitized tumor cells to 
carboplatin and etoposide-induced apoptosis and significantly inhibited tumor growth compared 
to either chemotherapy alone. Our results establish ABCB5 as a novel chemoresistance mechanism 
in MCC and identify ABCB5 inhibition as a promising therapeutic approach for improving treatment 
response in this malignancy.    
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Keratinocyte-specific deletion of CXCR4 inhibits DMBA-TPA-mediated skin carcinogenesis
WT Kittipongdaja, G Paragh, X Wu and ST Hwang Dermatology, The Medical College of 
Wisconsin, Milwaukee, WI
CXC chemokine receptor 4 (CXCR4) has been implicated in tumor growth and metastasis formation 
in several human malignancies. Although CXCR4 is expressed by basal keratinocytes, its role in skin 
cancer is unknown. Epidermis-specific CXCR4 knockout mice (K14CXCR4KO) were generated by 
mating keratin 14-Cre-transgenic mice with lox-CXCR4-flanked mice. K14CXCR4KO and control 
mice were subjected to chemical carcinogenesis by 7,12-dimethylbenz[a]anthracene (DMBA) ini-
tiation and twice weekly 12-O-tetradecanoylphorbol-13-acetate (TPA) treatments. Tumor growth 
was documented during the 25 week course of the study. Epidermal expression of the mRNA 
chemokines and their receptors was analyzed by quantitative PCR array. Epidermal thickness, skin 
mast cell numbers, and keratinocyte proliferation were assessed by histology, toluidine blue, and 
Ki67 staining. Herein, we found an average of 3 weeks delay in the appearance of the papillomas 
in K14CXCR4KO mice (19 weeks) vs. controls (16 weeks). The tumor burden remained significantly 
lower throughout the time course and K14CXCR4KO had 3 fold fewer papillomas and reduced 
larger, invasive tumors at 25 weeks. DMBA-TPA treated K14CXCR4KO mice showed decreased 
epidermal thickness at both early (2 weeks, p=0.012) and late time points (25 weeks, p=0.0002). 
Interestingly, dermal mast cells were increased in K14CXCR4KO vs. controls at 25 weeks (n=3-5, 
p=0.00052). Overexpression of the mRNA of chemokines (CCL5, CCL7, CCL8, CCL11, CXCL10 
and CXCL12), which has been implicated in eosinophil and mast cell chemotaxis/activation, was 
seen in K14CXCR4KO vs. controls. Ki67 staining was decreased in the skin of K14CXCR4KO mice 
compared to controls (83 vs. 151 Ki67 positive cells per field, p=0.003), indicating decreased 
keratinocyte proliferation in the K14CXCR4KO mice epidermis. These data suggest that keratino-
cyte CXCR4 plays a critical role in epidermal carcinogenesis, possibly by modulating keratinocyte 
proliferation, and/or immune cell trafficking, and identify keratinocyte CXCR4 as a potential novel 
therapeutic target for skin cancer chemoprophylaxis.    
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Sox11 works as a tumor promoter gene in mutagen-induced skin tumorigenesis
A Ku,1 Q Miao2 and H Nguyen2,1 1 Translational Biology and Molecular Medicine Graduate 
Program, Baylor College of Medicine, Houston, TX and 2 Center for Stem Cells and 
Regenerative Medicine, Baylor College of Medicine, Houston, TX
The transcription factor Sox11, one of SRY box-containing (SOX) family members, plays an import-
ant role in diverse developmental and pathological processes, including mantle cell lymphoma, 
epithelial ovarian cancer and breast cancer. During murine hair follicle morphogenesis, Sox11 
expression is enriched in embryonic epidermis and hair placodes, but is undetectable after birth. 
Interestingly, Sox11 is overexpressed in cutaneous malignancies such as precancerous papilloma 
and squamous cell carcinoma (SCC), suggesting a role for Sox11 in skin carcinogenesis. However, 
the contribution of reactivated Sox11 remains elusive. To investigate the role of Sox11 in the 
initiation, promotion and progression of SCC, we subjected tetracycline-inducible (Tet-On) Sox11 
transgenic mice to two different models of skin chemical carcinogenesis regimens (DMBA/TPA 
and DMBA/acetone). We found that Sox11 overexpression significantly increases tumor incidence 
and multiplicity. These results demonstrate that Sox11 acts as an enhancer in mutagen-induced 
skin tumor development. To understand the mechanism underlying the oncogenicity of Sox11, 
we performed transcriptional profiling of Sox11-induced epidermal cells and identified a subset of 
canonical Wnt signaling genes as Sox11 downstream targets, including Lef/Tcf genes. We found 
that overexpression of Sox11 increases the transactivation activity of β-catenin, suggesting that 
Sox11 might contribute to tumorigenesis by affecting the canonical Wnt pathway. In summary, we 
generated a new mouse model to dissect the pathophysiology of cutaneous SCC, and discovered a 
causal relationship between Sox11 gene reactivation and skin tumor development.    
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Development of a multiple gene RNA expression signature to differentiate malignant mela-
noma from benign melanocytic nevi
M Warf,1 DD Flake,2 LE Clarke,1 A Gutin,2 SR Tahan,3 KA Kolquist,1 C Rock,1 CR Shea,4 
C Berking5 and BB Roa1 1 Myriad Genetic Laboratories, Inc., Salt Lake City, UT, 2 Myriad 
Genetics, Inc., Salt Lake City, UT, 3 Harvard Medical School, Boston, MA, 4 The University 
of Chicago, Chicago, IL and 5 LMU University of Munich, Munich, Germany
The quantitative measurement of RNA expression for biomarker genes has been proposed as a 
method to aid in the diagnosis of difficult melanocytic lesions. The goal of this study was to determine 
if RNA expression patterns can effectively differentiate benign and malignant melanocytic lesions in 
large independent cohorts. We analyzed published studies and selected 79 genes whose differential 
expression have the potential for diagnosing melanoma and evaluated them in an initial cohort of 
83 formalin fixed paraffin embedded (FFPE) melanocytic lesions. We selected 40 genes for further 
evaluation, all of which had an AUC >70% when differentiating benign and malignant melanocytic 
lesions. The RNA expression of these genes was measured in a larger independent cohort of 544 
melanocytic lesions. In this cohort, 27 of the 40 genes maintained their performance and had an 
AUC >70%. We also determined that 10 of these 40 genes could be combined into a multivariate 
signature that had increased diagnostic power, which had an AUC of 95%, a sensitivity of 89% 
and specificity of 93% in a large training set comprised of 272 benign nevi and 272 malignant 
melanomas. The majority of the genes within the gene signature are related to different immune 
response pathways, indicating that expression of immune related genes may represent essential 
differences between benign and malignant melanocytic lesions.    
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c-CBL ubiquitin E3 ligase is over-expressed in Sezary syndrome and its inhibition restores 
T-cell receptor signaling, upregulates FAS-Ligand expression and promotes activation-in-
duced cell death
J Wu1,2 and GS Wood1,2 1 Dermatology, University of Wisconsin Madison, Madison, WI and 
2 Dermatology, VA Medical Center, Madison, WI
Mycosis fungoides (MF) and Sezary syndrome (SS) are two major forms of cutaneous T-cell lym-
phoma (CTCL) characterized by resistance to apoptosis. A central pathway for T-cell apoptosis is 
activation-induced cell death (AICD) which is triggered through the T-cell receptor (TCR). This results 
in upregulation of FAS-ligand and subsequent apoptosis through the FAS death receptor pathway. 
It has been known for more than a decade that TCR signaling is defective in CTCL; however, the 
underlying mechanism has not been apparent. In this report, we show that the E3 ubiquitin ligase, 
c-CBL, is over-expressed in many cases of CTCL and that its knockdown restores the TCR signaling 
cascade that leads to up-regulation of FAS-ligand and apoptosis in CTCL cells expressing adequate 
FAS. In CTCL cells with suboptimal FAS expression, FAS can be upregulated epigenetically by 
derepression of the FAS promoter using methotrexate which we showed previously has novel activity 
as a DNA methylation inhibitor. Using these combined strategies, FAS-low as well as FAS-high 
CTCL cells can be killed effectively in vitro and ex vivo. Our findings help explain the molecular 
pathogenesis of CTCL and provide a preclinical rationale for clinical trials aimed at upregulating 
FAS-ligand, either by targeting c-CBL or by other means.    
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BET bromodomain inhibition triggers apoptosis of NF1-associated malignant peripheral nerve 
sheath tumors through Bim induction
A Patel,1 C Liao,1 Z Chen,1 C Liu,1 Y Wang1 and LQ Le1,2 1 Dermatology, UT Southwestern 
Medical Center, Dallas, TX and 2 Simmons Comprehensive Cancer Center, UT Southwestern 
Medical Center, Dallas, TX
Malignant Peripheral Nerve Sheath Tumors (MPNSTs) are highly aggressive sarcomas that develop 
sporadically or in Neurofibromatosis type 1 (NF1) patients. There is no effective treatment for 
MPNSTs and they are typically fatal. To gain insights into MPNST pathogenesis, we utilized a novel 
MPNST mouse model that allowed us to study the evolution of these tumors at the transcriptome 
level. Strikingly, in MPNSTs we found upregulation of chromatin regulator Brd4, and show that 
BRD4 inhibition profoundly suppresses both growth and tumorigenesis. Our findings reveal new 
roles for BET bromodomains in MPNST development, and report a novel mechanism by which 
bromodomain inhibition induces apoptosis through induction of pro-apoptotic Bim, which may 
represent a paradigm shift in therapy for MPNST patients. Moreover, these findings indicate novel 
epigenetic mechanisms underlying the balance of anti-/pro-apoptotic molecules, and that bromo-
domain inhibition can shift this balance in favor of cancer cell apoptosis.    
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Characterization of a new signaling pathway within myeloid-derived suppressor cells (MDSC) 
responsible for their potent T cell suppressor function
J Chung, T Teshima, PD Cruz and K Ariizumi Dermatology, UT Southwestern Medical 
Center, Dallas, TX
MDSC are the most potent suppressors of T cell function and thus promoters of cancer growth, 
but the molecular mechanisms underlying these attributes remain unclear. Having shown in mel-
anoma-bearing mice and patients that acquired expression of DC-HIL by MDSC endows them the 
capacity to generate IFNγ and iNOS that are key to their suppressor function, we exploited the 
ability of our anti-DC-HIL mAb to crosslink DC-HIL on MDSC and phosphorylate its immuno-
receptor Tyr-activation motif (ITAM), in order to characterize the intracellular signaling pathway 
enabling MDSC to suppress T cells. In COS-1 cells cotransfected with genes for Syk and DC-HIL, 
crosslinking with anti-DC-HIL Ab led to physical association between ITAM and the activated form 
of Syk kinase (p-Syk) as shown by immunoprecipitation. Neither IgG-crosslinking nor cotransfection 
with ITAM-mutated DC-HIL gene induced p-Syk. Moreover linkage of DC-HIL to Syk enhanced 
the promoter activities of IFNγ and iNOS genes 8-fold greater than control (by luciferase assays). 
Also confirming this linkage are confocal studies showing induction of p-Syk within crosslinked 
MDSC isolated from mice with melanoma and complete blocking of DC-HIL-induced IFNγ/iNOS 
expression after pretreatment with the Syk inhibitor fostamatinib. We showed IFNγ to induce iNOS 
expression since crosslinked MDSC deficient in IFNγ failed to express iNOS and also to suppress T 
cells. Unlike activated T cells that secrete IFNγ, our confocal studies showed crosslinked MDSC to 
accumulate IFNγ intracellularly and in association with nuclear Stat1 protein. Finally, dimerization 
of DC-HIL receptors on the cell surface required Syk kinase activation. Thus ligated DC-HIL activates 
ITAM-Syk in MDSC, generating intracellular IFNγ that stimulates Stat1, leading to iNOS expression. 
This novel signal pathway should spawn a search for: inhibitors to neutralize the T cell-suppressor 
function of MDSC for treating cancers; and/or enhancers for alleviating inflammatory diseases.   
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Human epidermis resists malignant transformation by neoplasia-associated FGFR3 activating 
mutations
EJ Kennedy, S Oh, A McNeal, S Prouty and TW Ridky Dermatology, University of 
Pennsylvania, Philadelphia, PA
Fibroblast growth factor receptor 3 (FGFR3) proteins harboring activating mutations are implicated as 
primary oncodrivers in certain types of carcinomas and multiple myeloma. However, in epidermis, 
these mutations have been associated only with benign epidermal tumors including seborrheic kera-
toses (SKs). Despite the strong association between FGFR3 mutations and SKs, the ability of activated 
FGFR3 proteins to drive SK formation has not been demonstrated in human tissue, nor is it clear 
whether constitutively active FGFR3 could also contribute to epidermal squamous cell carcinoma 
(SCC). Using engineered human skin xenografts in vivo, we show that the neoplasia-associated 
FGFR3 activating mutations R248C and S249C drive mild hyperproliferation and a two-fold increase 
in epidermal thickness (p<0.05). However, these mutations are insufficient to support benign or 
malignant tumorigenesis, either alone or in combination with G1-S checkpoint release, suggesting 
that additional cell-intrinsic or stromal cues are required for SK formation. Although previous studies 
suggested that FGFR3 activity may promote differentiation and inhibit epidermal tumorigenesis, 
we show that activated FGFR3 does not block Ras-driven SCC. Furthermore, we demonstrate that 
FGFR3 is dispensable for epidermal SCC formation and progression, suggesting that anti-FGFR3 
therapy is unlikely to be clinically useful in this context. To extend these findings to patients, we 
examined a uniquely informative human tumor in which SCC developed in continuity with a SK, 
raising the hypothesis that one of the tumors evolved from the other. Using laser capture microscopy 
to separate the SK and SCC from histologically normal tissue, we show that the SK contains an 
FGFR3 mutation not present in the SCC, and the SCC contains a p53 mutation not present in the 
SK. These data indicate that the overlapping SK and SCC evolved independently, and support our 
conclusion that FGFR3 activation is insufficient to drive SCC.    
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MyD88 signaling in both keratinocytes and T-cells contribute to skin carcinogenesis
C Cataisson,1 R Salcedo,3 K Shibuya,1 S Naik,2 L Wright,1 G Trinchieri3 and SH Yuspa1 1 
Laboratory of Cancer Biology and Genetics, NCI, Bethesda, MD, 2 Laboratory of Parasitic 
Diseases, NIAID, Bethesda, MD and 3 Cancer and Inflammation Program, NCI, Frederick, 
MD
Epithelial cancer development, through expansion of cells carrying mutations in key genes, is often 
facilitated by the inflammatory milieu. During tumor promotion, both the innate and adaptive 
arms of the immune system can facilitate or inhibit carcinogenesis. Using the two-stage chemical 
carcinogenesis protocol on mouse skin, we previously reported that mice deficient for the myeloid 
differentiation factor 88 (MyD88)-an adaptor molecule downstream of the Toll/IL-1 receptor family- 
were resistant to skin carcinogenesis. We also demonstrated that MyD88 exerts a cell-intrinsic func-
tion in RAS-mediated transformation of keratinocytes. We now explore the role of MyD88 during 
tumor promotion with 12-O-tetradecanoyl-phorbol-13-acetate (TPA). MyD88-null mice develop a 
milder inflammation than wildtype mice of the same genetic background in response to a single TPA 
application; neutrophil content in the skin was reduced by 50% and this was independent of IL-1 
signaling blockade. Multiple application of TPA resulted in reduced epidermal hyperplasia, a 60% 
decrease in BrDU incorporation and a reduced infiltration of IL-17 positive cells in MyD88 deficient 
mice relative to controls. The expression of Cxcl1, S100a8 and Il22 mRNA was reduced in total skin 
extracts from TPA treated MyD88 null mice. Upregulation of the chemokines Cxcl1 and S100a8 in 
response to TPA was deficient in MyD88 null cultured keratinocytes revealing a necessary role for 
MyD88 in the intrinsic response of keratinocytes to phorbol ester. Moreover, we have also uncovered 
a systemic requirement for MyD88 in carcinogenesis since lineage-specific ablation of MyD88 in 
T cells conferred significant resistance to skin tumorigenesis initiated with 7,12 dimethyl benz(a)
anthracene followed by TPA promotion. Collectively, those results demonstrate that MyD88 plays 
a pro-tumorigenic function during tumor promotion in both epithelial and T-cell compartments.   
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Identification of novel susceptibility genes in trichothiodystrophy and xeroderma pigmento-
sum patients by use of exome sequencing
C Kuschal,1 JJ DiGiovanna,1 D Tamura,1 SG Khan,1 D Edelman,2 P Meltzer,2 D Soppet,3 
R Stephens3 and KH Kraemer1 1 Derm Br, NCI, Bethesda, MD, 2 Genetics Br, NCI, Bethesda, 
MD and 3 Advanced Biomed Comp Ctr, NCI, Frederick, MD
We have been studying patients with xeroderma pigmentosum (XP) and trichothiodystrophy (TTD), 
rare autosomal recessive DNA repair diseases. XP patients have a 10,000 fold increased risk of skin 
cancer. TTD patients have developmental defects with normal skin cancer risk. Most XP patients 
have mutations in nucleotide excision repair (NER) genes (XPA, XPB, XPC, XPD, XPE, XPF or XPG) 
as well as in the error prone polymerase (pol eta). TTD patients have mutations in the NER genes 
XPD, XPB, TTD-A, and in TTDN1, a gene of unknown function. We have established cell lines 
from patients who have the clinical disease XP or TTD, but do not have mutations in these genes. 
We are attempting to discover novel genes that are involved in XP or TTD. We are using whole 
exome sequencing and custom array comparative genome hybridization (aCGH) arrays on genomic 
DNA from affected individuals and unaffected family members. Causal variants in this study were 
identified through the use of Ingenuity® Variant Analysis™ software (www.ingenuity.com). We 
identified several genes in 4 TTD patients comprising 3 families in which the Mendelian inheritance 
is consistent. We found candidate genes which are implicated in DNA repair, in microcephaly and 
in bone mineral density. One TTD patient is hemizygous for a mutation in GTF2E2, which encodes 
the beta subunit of the general transcription factor 2 E (TFIIE). Through the use of Ingenuity® Pathway 
Analysis™ we found that the NER network is similarly regulated when GTF2E2 or XPD are down 
regulated. We hypothesize that GTF2E2 – whose function is closely linked to TFIIH – is involved 
in the pathophysiology of TTD. We are currently analyzing the function of GTF2E2 in NER in these 
cells and its interaction with other DNA repair proteins of the NER pathway. The use of exome 
sequencing may reveal novel genes involved in patients with inherited disorders.    
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MicroRNAs associated with metastasis of Merkel cell carcinoma
MS Ning, KA Clay and T Andl Department of Medicine / Division of Dermatology, Vanderbilt 
University Medical Center, Nashville, TN
Merkel cell carcinoma (MCC) is a cutaneous neuroendocrine malignancy with aggressive features, 
including high rates of mortality, metastasis, and local recurrence. As a testament to its nature, 
roughly 50% of MCC patients develop systemic disease with invasion to the bone, liver, and/or brain. 
To address the paucity of knowledge associated with this cancer, we formerly turned to microRNAs, 
small single-stranded RNA molecules that participate in posttranscriptional regulation and are impli-
cated in the pathogenesis of various cancers. We previously identified several microRNAs highly 
expressed in MCC (MCC-miRs), and new data and further analysis of our earlier work continue to 
provide insight into the significance of these microRNAs in MCC and other neuroendocrine malig-
nancies. To identify MCC-miRs associated with metastasis, the original MCC sample cohort (n=20) 
was divided into 2 groups based on sample origin: primary skin (n=12) and metastatic lesions (n=8). 
The expression levels of the MCC-miRs, previously measured via qRT-PCR, were then compared. 
4 microRNAs demonstrated upregulation (>2-fold) in metastatic versus primary lesions: miR-183 
(4.9-fold), miR-9 (3.2-fold), miR-96a (3-fold), and miR-374c (2.4-fold). In contrast, 4 microRNAs 
demonstrated upregulation (>2-fold) in primary versus metastatic lesions: miR-7 (7.1-fold), miR-340 
(3-fold), miR-502-3p (2.6-fold), and miR-873 (1.9-fold). And 4 microRNAs were stable across both 
groups: miR-190b, miR-182, miR-3170, and miR-125b. Several of these have been implicated as 
mediators or suppressors of invasion and metastasis in other cancers and may play a role in the 
pathogenesis of MCC. Furthermore, the expression levels of the same microRNAs were evaluated 
via qRT-PCR in a group (n=10) of neuroendocrine tumors that metastasize to the skin. Several of 
these microRNAs are highly expressed in this cohort as well, indicating that they may serve a com-
mon role across neuroendocrine malignancies. Finally, we present data regarding their functional 
significance, including potential target genes, derived from in vitro studies.    
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MMP-10 is induced by Cyclosporine A (CsA) in SCC in vitro and is preferentially overex-
pressed at the invasive front of TSCC
MP Herschman,1 H Mitsui,2 J Krueger,2 M Blumenberg,3 D Felsen4 and JA Carucci1 1 
Dermatology, NYU, New York, NY, 2 Invest. Dermatology, Rockefeller University, New 
York, NY, 3 Biochem & Mol Pharmacology, NYU, New York, NY and 4 Inst. for Ped Uro, 
Weill Cornell, New York, NY
Organ Transplant Recipients tend to develop numerous high risk SCC. We propose that MMP10 at 
the invasive front drives aggressive tumor behavior and that CsA, a commonly used anti-rejection 
drug, augments invasiveness. Therefore, we evaluated gene expression in MOHs surgery samples 
of TSCC [n=5], nonlesional skin adjacent to TSCC [nTSCC, n= 3], immune competent SCC [SCC, 
n = 8], nonlesional skin adjacent to SCC [nSCC, n=8] and normal volunteers [n=9, obtained via 
punch biopsy]. Gene expression was determined via oligonucleotide array, and data were analyzed 
using Affymetrix Microarray Suite 5.0 and GeneSpring 7.0. Annotation and ontology of up- and 
downregulated genes was obtained using DAVID [http://david.abcc.ncifcrf.gov/]. Importantly, we 
found MMP 1, 3, 9, 10 and 13 upregulated in TSCC but not in nTSCC. Using IHC, we validated these 
findings in TSCC frozen sections with MMP10 and MMP3 antibodies. MMP10 was preferentially 
expressed in TSCC with increased intensity along the basal layer of the tumor at the tumor-stromal 
junction. This contrasts with our prior findings in immune competent SCC, where MMP10 showed 
more diffuse expression in invasive SCC and SCC in situ [Mitsui et al, JID 2013; doi: 10.1038/
jid.2013.494]. MMP3 expression was more diffuse in the tumor and also showed dermal perivas-
cular localization. CsA [25–1000 ng/ml] was incubated with the SCC cell line A-431 for 24 hr, and 
MMP10 expression evaluated by RT-PCR. CsA 50 ng/ml significantly induced MMP10 expression 
in the A-431 cells (n= 3, p < 0.05) as compared to control. In summary, MMPs are upregulated in 
TSCC and MMP10 shows increased expression at the tumor-stromal junction. Furthermore, CsA, a 
mainstay immunosuppressant, significantly upregulates in vitro MMP10 expression. Increased MMPs 
may lead to increased invasion of TSCC which may be a target for future intervention.    
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Z-RNA in human melanoma tissue sections
D Carbone,2 CE Gagna2,1,3 and W Lambert1,3 1 Pathology & Laboratory Medicine, Rutgers 
New Jersey Medical School, Newark, NJ, 2 Life Sciences, New York Institute of Technology, 
Old Westbury, NY and 3 Dermatology (Medicine), Rutgers New Jersey Medical School, 
Newark, NJ
DNA structure is no longer considered to be one-dimensional. DNA molecules are dynamic entities 
that can adopt unusual and multi-stranded conformations, which are very dissimilar from the canoni-
cal double-stranded (ds-) right-handed B-DNA molecule. Multi-stranded nucleic acids are also found 
in the human genome. The configuration of non-B-DNA within sequences of DNA can be formed 
by changes in protein binding, environmental conditions, and superhelical tension. Left-handed 
ds-Z-RNA is an alternative form of the more frequently found right-handed ds-A-DNA. Left-handed 
Z-DNA plays a role in regulating gene expression, and RNA editing. Our research group has immu-
nochemically stained paraffin-embedded and plastic-embedded melanoma tissue sections. We also 
used novel intact, non-denatured RNA microarrays to directly support our immunohistochemical 
research data. Our team used anti-Z-RNA antibodies and Z-RNA binding proteins that recognize 
specific base pairs. Comparative histopathological approaches were taken using tissues fixed in 
either Davidson’s solution, Carnoy’s solution, Clarke’s solution, 10% formalin, or 10% neutral 
buffered formalin to examine the presence and distribution of tissue-bound left-handed Z-RNA. 
Employing a computerized image analysis system, we characterized the cutaneous melanoma’s 
two growth phases, i.e., radial and vertical. We have observed the distribution of Z-RNA within 
melanoma as it proceeds from Stage 0 to stage II. Based on our results, we believe that different 
Z-RNAs exist within the genome of mutated melanoma patients. Increased levels of Z-RNA have 
been found within different regions of the malignant growths. We have also characterized the 
transition from A-RNA to Z-RNA. The ability to target Z-RNAs of different sequences in epidermal 
genomes will facilitate the discovery of new RNA target sites. This will allow for the construction 
of new classes of RNA-based medicines to treat melanoma.    
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Stat1-signaling in cancer cells critically affects development and metastasis
E Brenner, H Braumüller, T Wieder and M Röcken Dermatology, Eberhard Karls University 
Tuebingen, Tuebingen, Germany
Immunotherapy with tumor-specific T-helper-1 (Th1) cells has been shown to reduce the tumor 
burden in humans with melanoma. Previous data revealed that cancer control results from a 
super-induction of the tumor suppressor p16Ink4a by the Th1 cytokines interferon-γ (IFN-γ)- and 
tumor necrosis factor (TNF). To determine the mechanisms underlying the IFN-γ- and TNF-mediated 
growth arrest in cancers, we studied islet carcinomas in mice, in which the expression of SV40 large 
T antigen 2 (Tag2) under the rat insulin promoter 1 (RIP) disturbs the cell cycle control through inhi-
bition of the tumor suppressors p53 and Rb. To analyze IFN-γ-signaling in more detail, we generated 
RIP-Tag2 mice deficient in Stat1, the main IFN-signaling pathway. While Th1 cells were capable of 
doubling the life span of RIP-Tag2 mice, Th1 cells failed to prolong the survival of RIP-Tag2xStat1.
ko mice. Surprisingly, histology of the cancers revealed that cancers grew more aggressively in 
RIP-Tag2xStat1.ko mice and about 50% of RIP-Tag2xStat1.ko mice developed macroscopic metas-
tasis within 12 weeks, while Stat1-competent RIP-Tag2 mice never developed metastases (<1%). 
As these data suggest that Stat1-expression in cancers controlled the epithelial to mesenchymal 
transition (EMT), we compared gene expression pattern of tumors ex vivo. These data underlined that 
Stat1 suppressed cell motility and invasiveness through induction of epithelial differentiation markers 
like E-cadherin, Keratin-7 or Desmoplakin, and suppression of the mesenchymal marker Foxc2. 
In vitro analyses confirmed that the combined action of IFN-γ and TNF efficiently super-induced 
the p16Ink4a tumor suppressor and growth-arrested normal RIP-Tag2 cancers, while they failed to 
do so in RIP-Tag2xStat1.ko cancers. Thus, Stat1-signaling in cancer cells was critically needed for 
the IFN-γ- and TNF-mediated growth arrest in cancer cells. As, in addition, loss of Stat1 in cancers 
promoted EMT and resulted in more aggressive cancer growth, the data uncover critical signaling 
pathways required for interferon-mediated cancer control.    
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Comparative proteomics analysis of polo-like kinase 1 inhibition by BI 6727 (Volasertib) in 
human melanoma
BD Cholewa,1 MC Pellitteri-Hahn,1 CO Scarlett1 and N Ahmad1,2 1 University of Wisconsin, 
Madison, WI and 2 William S. Middleton VA Medical Center, Madison, WI
Polo-like kinase 1 (Plk1) is a serine/threonine kinase that plays a key role throughout mitosis by 
regulating mitotic entry, progression and exit, however, Plk1 has more recently gained attention for 
its potential as a therapeutic target in human malignancies. The targeting of Plk1 by small-molecule 
inhibition has shown significant reduction of cancer cell growth in both in vitro and in vivo studies, 
while causing minimal detriment to normal cells. In an effort to further elucidate the downstream 
molecular mechanism of Plk1 inhibition, we performed a comparative quantitative proteomics 
strategy to compare the proteome of human melanoma cells (A375) following treatment with the 
Plk1-specific ATP competitive inhibitor BI 6727 (25 nM, 24 h). Employing label-free nano-LC/MS/MS 
technology, we identified more than 1800 proteins, 343 of which had significantly altered expres-
sion. Ingenuity pathway analysis resulted in the identification of more than twenty proteins that 
were significantly altered following Plk1-inhibition. Interestingly, the largest portion of dysregulated 
proteins were either part of the glycolysis or proteasome pathways, both of which are essential to 
cancer cell survival. To support our proteomics analysis of Plk1-inhibition affecting glycolysis, we 
measured and observed a consistent down-regulation of lactate dehydrogenase A (LDHA). Further, 
we observed a significant reduction of lactate present following BI 6727 treatment, suggesting an 
overall decrease in glycolysis. To determine if these observations correlated to energy production, we 
measured cellular levels of NAD, an essential co-enzyme in redox metabolism and ATP production. 
NAD levels were significantly decreased in both its oxidized (NAD+) and reduced (NADH) forms. 
These data provide evidence of the glycolysis pathway being significantly altered following Plk1 
inhibition. Since aerobic glycolysis is generally limited to cancer cells, this study provides a potential 
mechanism that contributes to Plk1’s efficacy as a therapeutic target.    
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SATB1 over-expression promotes malignant cell proliferation in cutaneous CD30+ lymph-
oproliferative disease by repressing p21
Y Wang,1 X Gu,1 G Zhang,1 L Wang,2 T Wang,2 Y Zhao,3 X Zhang,3 Y Zhou,4 ME Kadin5 
and P Tu1 1 Department of Dermatology and Venerology, Peking University First Hospital, 
Beijing, China, 2 Department of Dermatovenereology, West China Hospital, Sichuan 
University, Chengdu, China, 3 Cyrus Tang Hematology Center, Soochow University, Suzhou, 
China, 4 Department of Dermatology and Skin Science, University of British Columbia, 
Vancouver, BC, Canada and 5 Department of Dermatology and Skin Surgery, Boston 
University School of Medicine, Providence, RI
Cutaneous CD30+ lymphoproliferative disease (CD30+LPD), characterized by the presence of 
CD30+ anaplastic large T cells, comprises the second most common group of cutaneous T cell 
lymphoma (CTCL). However, little is known about the pathobiology of the CD30+ lymphoma 
cells, as well as the mechanism(s) of disease progression. Here we report that Special AT-rich 
region binding protein 1 (SATB1), a thymocyte specific chromatin organizer, is over-expressed in 
CD30+ lymphoma cells in most CD30+LPDs, and its expression is up-regulated during disease 
progression. Our findings showed that SATB1 silencing in CD30+LPD cells leads to G1 cell cycle 
arrest mediated by p21 activation. Using chromatin immunoprecipitation, luciferase assays, and 
mutational analysis, we demonstrated that SATB1 directly regulates the transcription of p21 in an p53 
independent manner. Moreover, DNA demethylation on a specific CpG rich region of the SATB1 
promoter was found to be associated with the up-regulation of SATB1 during disease progression. 
These experiments define a novel SATB1-p21 pathway in malignant CD30+ T lymphocytes, and 
indicate the potential of SATB1-p21 axis as a therapeutic target for CD30+LPDs.    
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Langerhans cells promote clonal expansion of UV-induced p53 mutant keratinocytes inde-
pendently of T cells
J Lewis, C Bürgler and M Girardi Dermatology, Yale School of Medicine, New Haven, CT
Ultraviolet (UV) light induced mutations in the tumor suppressor gene TP53 are fundamental to 
the development and progression of actinic keratosis and squamous cell carcinoma (SCC). We 
have previously established that epidermal Langerhans cells (LC) have the capacity to facilitate 
chemical carcinogenesis; however, their role in initiation or progression of UV-induced neoplasms 
is unclear. We therefore examined the development of keratinocyte clones bearing TP53 mutations 
(p53 islands) in LC-intact and transgenic LC-deficient mice in both T cell-intact and T cell-deficient 
(TCRαβ-/-TCRγδ-/-) settings, following chronic UVB exposure (400 J/m2, 3x/wk). Using confocal 
microscopy, we find that following 5 wks chronic UVB exposure, LC-intact and LC-deficient mice 
have similar p53 island density and area in both T cell-intact and T cell-deficient settings. However, 
after 9 wks exposure, LC-intact mice have increased p53 island density (78.9±4.7 vs 51.2±3.1/
mm2, P=0.0003) and area (85.6±14.5 vs 42.6±5.4/cm2, P=0.0098) when compared to LC-deficient 
littermates in a T cell-intact setting. Furthermore, T cell-deficient LC-intact mice also have increased 
p53 island density (79.9±4.5 vs 42.9±4.3/mm2, P<0.0001) and area (106.6±11.9 vs 45.2±7.1/cm2, 
P=0.0004) when compared to T cell-deficient LC-deficient littermates. These findings demonstrate 
that LC exert a T cell independent effect on the growth and expansion of mutant keratinocytes. We 
hypothesize that LC acquire tumor-promoting abilities in a manner analogous to tumor-associated 
macrophages (TAM). Consistent with this, LC density is higher within and around UVB-induced p53 
islands (617.1±35.0 vs. 448.3±43.6 CD207+ cells/mm2, P=0.0065) than at distant sites. Understand-
ing the mechanisms by which Langerhans cells associated with mutant keratinocyte p53 islands 
promote clonal expansion may elucidate novel targets for skin cancer prevention.    
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Identification and functional analysis of key genetic drivers of cutaneous squamous cell 
carcinoma
V Chitsazzadeh,1,2 T Nguyen,5 A Joseph,6 P Gunaratne,7 C Coarfa,8 X Su,3 ER Flores4 and 
KY Tsai1,2 1 Dermatology, MD Anderson Cancer Center, Houston, TX, 2 Immunology, MD 
Anderson Cancer Center, Houston, TX, 3 Bioinformatics & Computational Biology, MD 
Anderson Cancer Center, Houston, TX, 4 Biochemistry & Molecular Biology, MD Anderson 
Cancer Center, Houston, TX, 5 Dermatologic Surgery Northwest Diagnostic Clinic, Houston, 
TX, 6 Dermatologic Surgery Skin  and  Laser Surgery Associates, Pasadena, TX, 7 Biology 
& Biochemistry, University of Houston, Houston, TX and 8 Molecular & Human Genetics, 
Baylor College of Medicine, Houston, TX
It is estimated that cancer prevention efforts can reduce cancer incidence by over 50%. Unlike 
for advanced disease, effective molecularly-driven interventions and risk assessment are not avail-
able for damaged normal tissue or preneoplastic lesions. Because we have not identified the key 
genomic drivers of progression from normal tissue to preneoplastic lesion to invasive cancer. We 
have addressed this gap by using next generation sequencing to understand the mechanisms that 
drive cancer progression using cutaneous squamous cell carcinoma (cSCC) as a model. cSCC 
has the most accessible and clinically well-characterized progression sequence of any human 
cancer; from a distinct precancerous lesion, the actinic keratosis (AK), to invasive carcinoma. This 
is an ideal model for establishing a paradigm of molecularly targeted cancer chemoprevention. 
We have analyzed 10 matched sets of human skin, AK, and cSCC using total RNA, miRNA, and 
exome sequencing. Using functional pair analysis, we have identified multiple miRNA/mRNA pairs, 
including miR-181 and its target TGFBR3, as potential drivers of cSCC progression. We show that 
miR-181 regulates susceptibility to apoptosis as well as cellular adhesion and motility at least in 
part through TGFBR3. Primary human keratinocytes and HaCaT cells that overexpress miR-181 or 
have TGFBR3 knockdown are less susceptible to UV-induced apoptosis, readily form colonies in 
soft agar, and exhibit hypermotility as well as adhesion defects. Based on our results, we propose 
that miR-181 is a useful therapeutic target for prevention of cSCC.    
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Melanocytic model to examine the role of REC8 in chromosomal instability
J Escandon,1 M Eller,1 R Verdun2 and JM Grichnik1 1 Dermatology Department, University of 
Miami, Miami, FL and 2 Medicine Department, University of Miami, Miami, FL
Chromosomal Instability (CIN) is a hallmark of cancer that enables cancer progression. Studies 
from our laboratory have revealed that REC8 RNA is elevated in melanoma compared to normal 
tissues and REC8 protein is increased in melanoma cell lines compared to normal melanocytes and 
fibroblasts. Here we developed a model to examine the potential role of the meiotic cohesin REC8 
in CIN. We hypothesize that REC8 contributes to CIN. We created our model starting with primary 
melanocytes transduced with viral constructs to affect known oncogenic pathways (E6 – p53; E7- Rb; 
NRAS). Our model comprises D1 melanoma as control for malignancy, E6E7 NRAS melanocytes, 
E6E7 melanocytes and primary melanocytes as control for normal cell. We assessed CIN by fluo-
rescence in situ hybridization (FISH) and, presence of REC8 protein by western blot. Further, we 
did a pilot experiment to evaluate REC8 transcriptional control expression by transducing the cells 
with REC8 promoter vs. Ubiquitin promoter driving GFP and controlled with Ubiquitin promoter 
driving mCherry-histone H2B. Results indicated that increasing numbers of chromosomal aberra-
tions followed the oncogenic transductions. Further, increases in CIN correlated with increases of 
REC8 protein and REC8 promoter activity. Ultimately, we hope to demonstrate that the meiotic 
cohesin REC8 is not only correlated with CIN but that it has a relevant role in the chromosomal 
instability found in melanomas.    
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MicroRNA-135b inhibits tumor progression by down-regulation of leucine zipper tumor 
suppressor 1 in cutaneous squamous cell carcinoma
EB Olasz,1 M Neuburg,1 L Seline,1 A Schock,1 N Duncan,1 A Lopez,1 J Lazar,1,2 MJ Flister,2 
Y Lu,2 P Liu,2 CA Harwood,4 CM Proby3 and Z Lazarova1 1 Dermatology, Medical College 
of Wisconsin, Milwaukee, WI, 2 Physiology, Medical College of Wisconsin, Milwaukee, WI, 
3 Centre for Cutaneous Research, Blizard Institute, Barts and the London School of Medicine 
and Dentistry, Queen Mary University of London, London, United Kingdom and 4 Division 
of Cancer Research, Medical Research Institute, Ninewells Hospital & Medical School, 
University of Dundee, Dundee, United Kingdom
Cutaneous squamous cell carcinoma (cSCC) is the second most common skin malignancy, yet 
has few targeted drug treatment options. MicroRNAs (miRNAs) are epigenetic regulators of gene 
expression and play an important role in tumor growth and metastasis. Recently miRNAs have 
emerged as new therapeutic targets for cancer treatment, but their functions are largely untested in 
cSCC. Here, we analyzed differential expression of 88 cancer related miRNAs in 43 study partic-
ipants with cSCC; 32 immunocompetent and 11 organ transplant recipient (OTR) patients. Of the 
examined miRNAs, MIR-135b was the most upregulated (13.3-fold, 21.5-fold; p=0.0001) in both 
patient groups. Immunohistochemical evaluation of cSCC tumor samples (n=25) demonstrated that 
MIR-135b mRNA expression inversely correlated with staining intensity of tumor suppressor gene, 
leucine zipper tumor suppressor 1 (LZTS1). Moreover, suppression of MIR-135b by a specific anti-
MIR, upregulated LZTS1 mRNA and protein levels, leading to decreased cell motility and invasion 
of primary and metastatic cSCC cell lines in vitro. This study supports the oncogenic role of MIR-
135b in cSCC and indicates that downregulation of MIR-135b can serve as a potential strategy for 
development of new treatment modalities for this particular skin cancer.    
198
Mammalian SIRT2 suppresses skin tumorigenesis and keratin 19 expression
M Ming, L Qiang, B Zhao and Y He Medicine/Dermatology, University of Chicago, Chicago, 
IL
SIRT2 is a member of the mammalian sirtuin family (SIRT1-7). As compared with other sirtuins, 
SIRT2 is found primarily in the cytoplasm. It regulates multiple physiological processes. However, 
the precise role of SIRT2 in skin cancer remains unclear. Here, we show that SIRT2 is down-regu-
lated in human skin cancer as compared with normal skin. SIRT2 deletion increases tumor growth 
in mice. SIRT2 knockdown up-regulates the stem cell marker Keratin 19 (K19) in keratinocytes. In 
mice, SIRT2 deletion up-regulates K19 while it down-regulates the differentiation marker Loricrin 
in both normal skin and tumors. In skin tumors but not normal skin SIRT2 deletion up-regulates the 
stem cell marker CD34 and increases the number of Ki67-positive cells. These findings indicate 
that SIRT2 is a tumor suppressor in the skin. Our findings add new insights into the role of SIRT2 
in the molecular pathogenesis of skin cancer.    
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Regulation of cell proliferation and migration by p62 through stabilization of Twist1 in human 
SCC and melanoma cells
L Qiang,1 B Zhao,1 M Ming,1 N Wang,2 T He,2 S Hwang,3 A Thorburn4 and Y He1 1 Medicine/
Dermatology, University of Chicago, Chicago, IL, 2 Orthopaedic Surgery & Rehabilitation 
Medicine, University of Chicago, Chicago, IL, 3 Pathology, University of Chicago, Chicago, 
IL and 4 Pharmacology, University of Colorado at Denver and Health Sciences Center, 
Aurora, CO
The selective autophagy substrate p62 serves as a molecular link between autophagy and cancer. 
Suppression of autophagy causes p62 accumulation and thereby contributes to tumorigenesis. 
Recently p62 up-regulation has been shown in human melanoma. Here we demonstrate that p62 
promotes cell proliferation and migration through stabilization of the oncogenic transcription factor 
Twist1. p62 binds to Twist1 and inhibits ubiquitination and proteasome degradation of Twist1. 
In mice, p62 up-regulation promotes tumor cell growth and metastasis in a Twist1-dependent 
manner in both human squamous cell carcinoma (SCC) and melanoma cells. As compared with 
normal human skin, p62 is up-regulated in human SCC. Our findings demonstrate that Twist1 is 
a key downstream effector of p62 in regulation of cell proliferation and migration, and suggest 
that targeting p62-mediated Twist1 stabilization is a promising therapeutic strategy to prevent and 
treat skin cancer.    
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Recurrent point mutations in KNSTRN and disruption of multiple notch signaling genes in 
cutaneous squamous cell carcinoma
C Lee,1 A Bhaduri,1 A Mah,1 A Ungewickell,1 C Aros,1 C Nguyen,1 Z Siprashvili,1 
W Johnson,1 A Straight,1 J Kim,1 S Aasi1 and P Khavari1,2 1 Stanford University, Palo Alto, CA 
and 2 VA Palo Alto, Palo Alto, CA
Although associated with ultraviolet (UV) light-mediated DNA damage, the mutational spectrum 
of cutaneous squamous cell carcinoma (SCC) is still being defined. Here we performed exome 
sequencing on a series of SCC followed by targeted deep re-sequencing of 336 candidate genes in 
100 SCC tumors and 100 adjacent, site-matched normal skin specimens. Previously reported SCC 
loss-of-function mutations in TP53, CDKN2A, and CHUK as well as activating HRAS mutations 
were found. Most SCCs demonstrated predicted loss-of-function mutations in the Notch pathway. 
In addition to NOTCH1/2/3, 6 Notch pathway genes not characterized previously in any cancer 
were recurrently mutated, including Notch ligands, ligand regulators, modifying enzymes, and 
transactivators. Depletion of each impaired epidermal differentiation, consistent with the incom-
plete differentiation characteristic of SCC. Co-occurrence matrix analysis identified specific Notch 
pathway mutations that were either mutually exclusive or highly co-occurring in SCC. Combina-
torial knockdowns demonstrated that concurrently mutated Notch pathway genes synergistically 
blocked epidermal differentiation while mutually exclusive gene pairs did not. Unexpectedly, after 
TP53 and CDKN2A, KNSTRN was the third most frequently mutated gene after normalizing for 
gene length. KNSTRN encodes a kinetochore protein and has not previously been implicated in 
cancer. KNSTRN mutations were concentrated at a UV-signature hotspot also found at comparable 
frequencies in actinic keratoses, pre-malignant SCC precursors characterized by aneuploidy. In 
normal keratinocytes, mutant Kinastrin disrupted chromatid cohesion, increased aneuploidy, and 
enhanced Ras-driven tumorigenesis. These data indicate that SCC pathogenesis includes genomic 
instability through early disruption of Kinastrin function as well as impaired differentiation associated 
with loss at multiple levels in the Notch pathway.    
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Mechanism of chemical cooperative carcinogenesis by epidermal Langerhans cells
J Lewis, R Filler, C Bürgler and M Girardi Dermatology, Yale School of Medicine, New 
Haven, CT
The epidermis is exposed to a variety of DNA-damaging chemicals, principle among which are 
polyaromatic hydrocarbons (PAH) prevalent in the environment and tobacco smoke. Epidermal 
Langerhans cells (LC) comprise a network of dendritic cells situated adjacent to basal/suprabasal/
follicular infundibular keratinocytes that when mutated can give rise to SCC, and LC-intact mice 
are markedly more susceptible than LC-deficient mice to chemical carcinogenesis provoked by 
initiation by metabolism of the PAH DMBA to mutagenic DMBA-t-3,4-diol. By real-time two-photon 
confocal microscopy, we observe that LC rapidly internalize DMBA as discrete cytoplasmic foci. We 
hypothesized that the metabolizing enzyme profile (CYP1B1 > CYP1A1) of LC results in increased 
production of mutagenic metabolite. To formally test this, we developed a method for repopulation 
of newborn LC-deficient (huLangerin-DTA transgenic) mice using embryonic day 12.5 (E12.5) liver 
containing LC-precursors. Following transfer of wild-type (WT) E12.5 liver, we observed outgrowth 
of LC over time, reaching 56.8±10.4% of control levels at 8wks. Similarly, following transfer of 
CYP1B1-/- E12.5 liver, LC repopulation reached 75.6±7.4%. Following a DMBA/TPA two-stage 
chemical carcinogenesis protocol, mice repopulated with WT LC-precursors were comparable to 
LC-intact normal littermate controls in their tumor number (15.8±2.3 vs 14.6±1.7) and area (109±23 
vs 81±13 mm2) at 12 wks post-initiation, distinguishable from LC-deficient mice that showed 
minimal tumor number (4.6±0.8; P<0.001) and area (23±7 mm2; P<0.001). In contrast, relative 
to mice repopulated with LC from WT donors, mice repopulated with LC from CYP1B1-/- donors 
showed markedly reduced tumor number (6.8±1.4; P=0.008) and area (25±7 mm2; P=0.009). 
These findings reveal that LC make multifaceted contributions to cutaneous carcinogenesis via the 
handling and metabolism of chemical mutagens, and suggest a cooperative carcinogenesis role 
for myeloid-derived cells resident within cancer susceptible epithelial tissues by influencing early 
events in malignant transformation.    
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Tumor necrosis factor-alpha is linked to protein kinase Cε-mediated sensitivity to the devel-
opment of cutaneous squamous cell carcinomas
A Singh, A Singh, S Bauer, DL Wheeler and AK Verma Department of Human Oncology, 
Wisconsin Institute for Medical Research, Paul P. Carbone Comprehensive Cancer Center, 
School of Medicine and Public Health, University of Wisconsin, Madison, WI
Chronic exposure to ultraviolet radiation (UVR) is the most common etiologic factor linked to the 
development of cutaneous squamous cell carcinomas (SCC), a nonmelanoma form of skin cancer 
that can metastasize. Protein kinase Cε (PKCε) is among six isoforms (α, δ, ε, η, μ, ζ) of PKC expressed 
in both human and mouse skin. To determine the in vivo functional role of PKCε in mouse skin 
carcinogenesis, we generated PKCε transgenic mouse lines that overexpress PKCε in basal epidermal 
cells and cells of the hair follicle. We observed that epidermal PKCε level dictates the susceptibility 
of transgenic mice to the development of SCC elicited by either the repeated exposure to UVR or 
using the DMBA-TPA tumor promotion protocol. Our earlier studies to elucidate mechanisms 
of PKCε-mediated development of SCC, using either DMBA-TPA or UVR, indicated a common 
converging point elevated release of cytokine TNFα. To conclusively determine whether TNFα is 
essential for the development of SCC in PKCε transgenic mice, we generated TNFα deficient PKCε 
transgenic mice by crossbreeding TNFα knockout mice with PKCε transgenic mice. We now pres-
ent that deletion of both TNFα alleles in PKCε transgenic mice inhibited the development of SCC 
by the DMBA-TPA protocol. PKCε overexpressing mice deficient in TNFα elicited both increase 
in SCC latency (14 weeks) and decrease in SCC incidence (82%). Inhibition of SCC development 
in PKCε transgenic mice deficient in TNFα accompanied differential expression of microRNAs 
(miR-196a-5p, miR-322-5p, miR-709, miR-31-5p, miR-127-3p, miR-206, and miR-411-5p), and 
decrease in AKT, p-AKT (Ser473) and COX-2 expression. In summary, our results indicate that TNFα 
is linked to PKCε-mediated sensitivity to the development of SCC probably via signals involving 
specific microRNAs, AKT and COX-2.    
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Chemical adduct-associated mutational strand bias in p53 sequences from human skin cancers
J Weed, J Lewis and M Girardi Dermatology, Yale School of Medicine, New Haven, CT
The skin and other epithelial tissues are continually exposed to environmental chemicals and toxins, 
including mutagenic polyaromatic hydrocarbons (PAHs) prevalent in the atmosphere and tobacco 
smoke. Skin exposure to PAHs may occur by direct contact, as well as via distribution to the skin 
after systemic absorption. A role for mutagenic PAHs in cutaneous carcinogenesis, including their 
potentiation of ultraviolet (UV) radiation, has been implicated by several lines of laboratory investi-
gation. We searched for signatures of chemical mutagenesis in cutaneous and other malignancies by 
quantifying strand bias in G-to-T/C-to-A mutations in p53 sequences from the UMD TP53 mutation 
database. Such strand bias has been seen in studies of lung cancer to reflect preferential removal 
of bulky guanosine adducts from the transcribed strand during transcription coupled nucleotide 
excision repair. This mechanism has also been shown to correct UV-associated pyrimidine dimers, 
permitting quantification of strand bias in C-to-T/G-to-A mutations. As validation of the strand bias 
phenomenon, we found preferential correction of the transcribed strand for UV-associated mutations 
for cutaneous squamous cell carcinoma (SCC; ratio 4.0, P=.0001), basal cell carcinoma (BCC; 3.7, 
P<.0001), and melanoma (3.9, P<.001), but not for any of the top 40 most frequently reported 
internal malignancies. In contrast, malignancies strongly associated with smoking showed high 
ratios of p53 mutant G-to-T/C-to-A strand bias, such as small cell lung cancer (27.0, P<.0001), renal 
cell carcinoma (9.5, P<.001), and head and neck SCC (3.8, P<.0001). A positive and statistically 
significant strand bias was also found for SCC (2.5, P=.0065). BCC, melanoma, and actinic keratosis 
individually showed positive but statistically insignificant strand bias. Extending this analysis to full 
genomes and searching for additional mutational signatures of potential chemical carcinogens may 
yield further evidence of chemical carcinogenesis playing a ubiquitous and underappreciated role 
in dermatologic cancers.    
204
Human basal cell carcinoma demonstrate telogen arrest
A Ben Ketah,1 S Reed,2 PE Bowden1 and GK Patel3 1 Dermatology, Cardiff University, 
Cardiff, United Kingdom, 2 Cancer & Genetics, Cardiff University, Cardiff, United Kingdom 
and 3 The European Cancer Stem Cell Research Institute, Cardiff University, Cardiff, United 
Kingdom
We have previously shown that human basal cell carcinoma (BCC) demonstrate hierarchical growth, 
driven by a small CD200+ cancer stem cell population, which results in progeny that differentiate 
along hair follicle (HF) linages. We now hypothesise that factors that drive HF differentiation may 
be used as a therapy for BCC. The HF demonstrates complex inward and upward differentiation, 
characterised by concentric cell layers that express differing HF-specific keratins. We first sought to 
determine the pattern of BCC differentiation by RT-PCR and immunofluorescence, using HF (positive 
and negative control, n=6) and BCC tissue samples (n=20). BCC demonstrated outer root sheath 
(K5,K14, K16,K17and K19), companion layer (K75), inner root sheath (K26,K27,K28,K71, K72,and 
K74), cuticle (K32,K35,K82,and K85); but not HF shaft (K31, K32 and K81) differentiation. When 
we next co-labelled tissue samples with a proliferation marker KI67 and specific HF keratins, we 
observed that each keratin was associated proliferation rate with concordance between BCC and 
HF tissues; except K17 where there was a greater proliferation rate in BCC. Likewise transcriptional 
regulation of keratin expression and so differentiated cell phenotypes was also similar between HF 
and BCC. Of note, the pattern of differentiation in BCC mirrored HF telogen arrest, a key step before 
the onset of anagen. Consistent with this observation, BCC tissues exhibited high levels of BMP2 
and 4 and low levels of TGF-beta. When noggin, a BMP antagonist, and TGF-beta were added to 
BCC cells in culture for 48 hours we were able to observe increased keratin expression by RT-PCR 
of: inner root sheath (K25, K27), cuticle (K32), and medulla (K35, K85). In conclusion our findings 
demonstrate the presence of a complex pattern of HF differentiation in BCC, characterised by 
refractory telogen, which in vitro is amenable to potential therapeutic manipulation.    
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Tumor necrosis factor-alpha and ultraviolet radiation, which are linked to development of 
cutaneous squamous cell carcinomas, modulate differential epidermal microRNAs expression
A Singh, A Singh, BB Hafeez, MS Brar and AK Verma Department of Human Oncology, 
Wisconsin Institute for Medical Research, Paul P. Carbone Comprehensive Cancer Center, 
School of Medicine and Public Health, University of Wisconsin, Madison, WI
Tumor necrosis factor-alpha (TNFα), a pro-inflammatory cytokine is linked to the development of 
cutaneous squamous cell carcinomas (SCC), the most common type of non-melanoma skin cancer 
that can metastasize. To find clues about the mechanisms by which TNFα may promote ultraviolet 
radiation (UVR)-induced development of SSCs, we investigated changes in the expression profiling 
of microRNA (miRNAs), a novel class of short noncoding RNAs, which affect translation and sta-
bility of mRNAs. In the present experiments, the TNFα knockout mice (TNFα-KO) and their wild 
type (WT) littermates (6-7 week old) were exposed to single dose of UVR (1.8 kJ/m2). miRNA array 
profiling were performed using miRCURY LNATM microRNA Array seventh generation platform 
(Exiqon Services, Denmark). We found differential expression (log fold change>1) of 22 miRNA 
between WT and WT+UVR group and 17 miRNA between WT and TNFα-KO group. Two miRNAs 
were differentially expressed between TNFα-KO and TNFα KO+UVR, and four miRNA between 
WT+UVR and TNFα-KO+UVR groups. Differentially expressed selected miRNA genes were further 
validated using ExiLENT SYBR green based real time PCR using microRNA specific miRCURY 
LNATM primers set. U6snRNA was used as an internal control. Some of the differentially expressed 
microRNAs (miR-196a-5p, miR-196b-5p, miR-31-5p, miR-136-5p, miR-411-5p, miR-127-3p, miR-
379-5p, miR-376a-3p, miR-709, miR-335-5p, miR-377-3p, miR-154-5p, miR-206-3p, miR-376b-5p, 
and miR-185-3p) are implicated in various cancers including cutaneous SCC. Web based data 
mining, for prediction of potential miRNA associated gene targets in 4 different databases (DIANA, 
MIRANDA, Target Scan, and miRDB) revealed a subset of genes, which may play important roles 
in UVR-induced carcinogenesis.    
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Unexpected complexity in smoothened variants associated with drug resistant basal cell 
carcinoma
K Sarin, S Atwood, J Li, AS Chang, A Oro and J Tang Dermatology, Stanford University, 
Palo Alto, CA
Inappropriate Hedgehog (HH) target gene activation through loss-of-function mutations in Patched1 
(PTCH) or activating mutations in Smoothened (SMO) drives the growth of basal cell carcinomas 
(BCCs) and medulloblastomas and contributes to tumorigenesis in other human cancers. Recent 
clinical trials demonstrate the efficacy of SMO inhibitors in treating syndromic and advanced BCCs. 
We have shown that advanced or metastatic BCCs acquire resistance at a high rate and this provides 
a unique opportunity to understand the molecular basis of tumor evolution. Here we identify SMO 
genetic alterations that correlate with resistance to vismodegib therapy. In each of the resistant 
samples examined by RNA sequencing, high levels of HH target gene induction remained, indicating 
that BCC resistance does not stem from pathway switching, but rather by additional mutations that 
maintain pathway output. The complete coding regions of SMO and PTCH genes were sequenced 
from 38 vismodegib-resistant BCCs and 40 untreated BCCs. 61% of vismodegib-resistant BCCs 
contained recurrent or deleterious mutations in SMO (23/38) as compared with 23 percent of 
untreated BCCs (9/40, P=.0003). These included recurrent mutations encoding SMO p.D473G, a 
ligand binding pocket (LBP) mutation previously shown to disrupt drug binding and confer resistance 
in medulloblastoma, and SMO p.W535L, an oncogenic variant conferring constitutive activity. Sur-
prisingly, these known mutations accounted for only 25 % of the SMO variants identified. Based on 
the recent crystal structure of SMO, we identified additional recurrent variants structurally associated 
with, and those outside, the LBP region. These data show that genetic alterations in SMO explain 
the majority of clinical resistance and offer insights for second-line therapy.    
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Elevated expression of YB-1 in UVB exposed keratinocytes, human basal and squamous cell 
carcinomas
DN Syed, RK Lall, M Khan and H Mukhtar Dermatology, University of Wisconsin Madison, 
Madison, WI
The multi-functional Y-box-binding protein 1 (YB-1), a member of the cold-shock protein superfam-
ily with the highly conserved cold-shock domain is involved in diverse functions in different cell 
types. Recent studies suggest a non-redundant role of YB-1 in cell proliferation and describe it as a 
master regulator of cancer cell biology. Chronic exposure to ultraviolet (UV) irradiation induces skin 
cancer through dysregulated cell proliferation leading to neoplastic transformation. We determined 
the role of YB-1 in UV exposed human skin. Forced expression of YB-1 in immortalized HaCaT 
keratinocytes resulted in increased proliferation, migration and invasion. Interestingly, YB-1 overex-
pression failed to rescue keratinocytes from UVB-induced apoptosis. A significant decrease in cdk6 
levels observed in YB-1 transfected cells exposed to UVB indicated an inhibitory effect of YB-1 on 
cell cycle progression. An in vitro model of transformed keratinocytes was generated, where HaCaT 
cells were exposed to UVB radiation 20 mJ/cm2 once a week for 10 weeks. The transformation 
was established by altered morphology, resistance to apoptosis and increased expression of PCNA 
and MMP levels. The transformed cells showed elevated phosphorylated (Ser102) and total YB-1 
protein levels suggesting an important role of YB-1 in the propagation of damaged keratinocytes 
subsequent to prolonged UVB exposure. We next studied the expression of YB-1 in squamous cell 
carcinoma (SCC) and basal cell carcinoma (BCC) human skin cancers with established etiological 
links to UV exposure. YB-1 mRNA levels were significantly increased in cancer tissues in contrast 
to normal tissue. Immunohistochemistry performed on paraffin embedded SCC and BCC specimens 
yielded similar results with increased staining of YB-1 in tumor tissue as compared to the uninvolved 
skin. Our data identifies the role of YB-1 in UV exposed skin and its involvement in UVB-induced 
proliferation and malignant transformation of keratinocytes. YB-1 may be a promising molecular 
target in UVB induced skin carcinogenesis.    
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A retrospective study of 4919 cases of solitary skin lesions
Y Men, Q Zhang, B Zhang and C Zhang Dermatology, Peking University Third Hospital, 
Beijing, China
Objective: To systematically analyze the clinical and pathological characteristicsof solitary skin 
lesions in China. Methods: 4919 cases of “solitary skin lesions”were collected at the Dermatology 
Department of Peking University Third Hospital during 2009-2011.Clinical informationinclud-
ing age,sex, anatomic location of the lesion, and tumor histology were analyzedfor each case. 
Results:Of 4919 cases, 2195 cases(44.6%) were male, 2724 cases(55.4%) were female, and the 
ratio between male and female was1:1.24. We identified 4695 cases of skin tumor, while benign 
tumors 4493 cases(91.3%), malignant tumors and precancerous lesions 202 cases(4.3%), the other 
224 cases(4.6%) were not tumors. Both benign and malignant tumors prefer exposure position. 
There is no significant difference in gender composition between benign and malignant tumors, 
but malignant tumors and precancerous lesions had a predilection of the advanced age. Female 
with skin tumors always made a definite diagnosis earlier.The majority of skin tumors were nevus 
pigmentosus and keratosis seborrheica. Conclusions: “Solitary skin lesions” were always diagnosed 
as certain tumor, and preferred exposure position. One should alert more when it occurs on the 
advanced. The popularity of the knowledge of skin tumor and patients’ high degree of attention 
helped much in the early diagnosis of skin malignancies.    
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The RNA-binding protein Pumilio 1 suppresses apoptosis to maintain epidermal homeostasis 
and is aberrantly expressed in squamous cell carcinoma
SR Christensen,1,2 R Hu1 and H Lin2 1 Dermatology, Yale University, New Haven, CT and 2 
Yale Stem Cell Center, Yale University, New Haven, CT
Apoptosis helps maintain tissue homeostasis and is a critical defense mechanism against malignancy. 
In cutaneous squamous cell carcinoma (SCC), loss of homeostasis is accompanied by mutation of 
the tumor suppressor p53, highlighting the importance of this pathway in carcinogenesis. We have 
previously identified Pumilio 1 (Pum1), a well-characterized RNA-binding protein, as an inhibitory 
post-transcriptional regulator of multiple proteins in the p53 apoptotic pathway in mice. Here we 
describe animals with an epidermal-specific genetic deletion of Pum1 (K14.Pum1-/-) that results in 
abnormal homeostasis. Although grossly phenotypically normal, K14.Pum1-/- mice exhibit a 17-fold 
increase in the number of apoptotic keratinocytes in the interfollicular epidermis (1.66% of basal 
cells versus 0.097% in controls, p<0.0001). There is no compensatory change in proliferation rate, 
and this results in a 36% decrease in epidermal cellularity (p<0.01). Population modeling suggests 
that the observed increase in apoptosis is sufficient to explain the decreased epidermal cell count. 
We further show that ex vivo keratinocytes from K14.Pum1-/- mice have 8-fold reduced survival com-
pared to controls (p<0.005), and that Pum1-deficient keratinocytes fail to form long-term clones at 
limiting dilution. These studies indicate that Pum1 functions to suppress apoptosis in the epidermis, 
presumably through post-transcriptional inhibition of the p53 pathway, and that this novel mecha-
nism of suppression is required for epidermal homeostasis. To investigate whether Pum1 is active in 
carcinogenesis, we measured expression in murine chemically induced SCC, and observed elevated 
levels of both Pum1 mRNA and protein compared to normal skin. This suggests that functional 
inhibition of p53 by Pum1 may facilitate SCC development, and additional studies are underway 
to further define the interaction of Pum1 and p53 in epidermal homeostasis and carcinogenesis.   
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DNA repair determines regional mutation rates in human cancer
C Zheng,1 E Purdon,2 H Moslehi,3 N Wang,1 Z Sanborn,4 H Fassahi,5 S Vemula,6 A Najoukas,6 
DH Oh,3 J Cleaver,3 B Cunningham,7 I Neuhaus,9 P LeBoit,6 A Lehmann,8 P Spellman,1 
S Arron9 and RJ Cho3 1 Knight Cancer Center, Oregon Health Sciences University, Portland, 
OR, 2 Statistics, University of California, Berkeley, Berkeley, CA, 3 Dermatology, University 
of California, San Francisco, San Francisco, CA, 4 Five3 Genomics, Santa Cruz, CA, 5 Guys 
Hospital, London, United Kingdom, 6 Pathology, University of California, San Francisco, 
San Francisco, CA, 7 Dermatology, University of California, San Diego, San Diego, CA, 
8 Molecular Genetics, Sussex University, Sussex, United Kingdom and 9 Dermatologic 
Surgery, University of California, San Francisco, San Francisco, CA
Cancer genomes demonstrate stereotyped differences in mutation rate among chromosomal regions. 
Because these patterns recur across multiple cancer types, they significantly influence the rates 
at which specific tumor suppressors and oncogenes are mutated and give rise to human cancer. 
Higher mutation density has been observed in regions of heterochromatin and late-replicating DNA, 
giving rise to speculation that such areas may be more vulnerable to damage, suffer from replication 
deficiencies, or be sequestered from repair machinery. Here we show that germline deficiency in 
the repair protein xeroderma pigmentosum C (XPC) diminishes 60-75% of the regional mutation 
disparities in cutaneous squamous cell carcinomas (cSCCs). More than 95% of the residual mutation 
disparities in XPC-/- tumors carry a signature of transcription-coupled repair (TCR) and are absent 
in untranscribed genome. Sequencing of an XPD-/- cancer showed greater than 90% attenuation 
of TCR, but regional disparities in transcription-independent repair persist, likely revealing residual 
global genome repair (GGR) responsible for the milder clinical phenotype in this case. Strikingly, 
we observe that in highly transcribed heterochromatin, domain-associated repair (DAR) lowers 
mutation rate to levels found in euchromatin, in an XPC-dependent manner. Our results establish 
a central role for DNA repair in determining regional mutation rates in cancer and reveal a critical 
mechanism for maintaining genome integrity in expressed heterochromatin.    
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A role for Dsg2 in hedgehog mediated carcinogenesis
D Brennan-Crispi,1,2 C Hossain,1 J Sahu,1 F Cooper,1 K McGuinn,1 NA Riobo2 and 
MG Mahoney1,2 1 Dermatology & Cutaneous Biology, Thomas Jefferson University, 
Philadelphia, PA and 2 Biochemistry and Molecular Biology, Thomas Jefferson University, 
Philadelphia, PA
We and others have demonstrated that desmoglein 2 (Dsg2) is involved in important processes 
beyond cell-cell adhesion, including proliferation and survival. Furthermore Dsg2 is deregulated in 
several skin malignancies, including basal and squamous cell carcinomas (BCC, SCC). BCCs arise 
from the aberrant activation of the Hedgehog (Hh) signaling pathway, typically via LOH of the path-
way inhibitor Patched (Ptc). The role of Hh signaling is less understood in SCC. To study the effects 
of overexpression of Dsg2 on Hh signaling, we crossed two transgenic mouse models, Inv-Dsg2 to 
heterozygous Ptc+/LacZ. In Ptc+/LacZ mice, one copy of the Ptc1 gene has been replaced with the LacZ 
reporter gene. The epidermal hyperplasia and hyperproliferation observed in Inv-Dsg2 mice was 
further enhanced in the Dsg2/Ptc+/LacZ mice. Animals were subjected to the DMBA-TPA carcinogen-
esis protocol to induce squamous-derived lesions. All mice developed papillomas, but Inv-Dsg2/
Ptc+/LacZ mice developed more tumors, particularly at early time points. This suggests that Dsg2 and 
Hh signaling may synergize to enhance early-stage tumor development. Interestingly, while both 
Ptc+/LacZ and Inv-Dsg2/Ptc+/LacZ mice developed BCCs in response to DMBA-TPA, Inv-Dsg2/Ptc+/LacZ 
mice were more susceptible to BCC formation. Further analysis of untreated Inv-Dsg2/Ptc+/LacZ mice 
revealed signs of early BCC development in the proliferative basal layer of the epidermis; including, 
palisading of the basal cells, activation of Hh signaling, expression of CK17, and phosphorylation/
activation of Stat3. Furthermore, only a subset of Inv-Dsg2/Ptc+/LacZ mice developed spontaneous 
BCC lesions as early as 3 months. These results are surprising given that Dsg2 is overexpressed 
in the superficial epidermis, suggesting that Dsg2 can promote BCC development in a paracrine 
manner. Finally, these in vivo results were further supported by in vitro data showing that Dsg2 can 
enhance Hh signaling via a paracrine mechanism.    
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Tumor suppressor function of hairless in melanoma mediated by P-REX2
L Liu1 and A Christiano1,2 1 Dermatology, Columbia University, New York, NY and 2 
Genetics and Development, Columbia University, New York, NY
Cutaneous malignant melanoma poses a serious public health burden as both incidence and mor-
tality rates continue to rise. The development of melanoma involves a complex interplay between 
environmental factors and alterations in gene expression within melanocytes. The current lack 
of reliable biomarkers for detecting malignant melanocytic lesions calls for further investigation 
of the molecular features associated with melanoma. We recently demonstrated that the hairless 
(HR) protein possesses histone demethylase activity, and furthermore, that HR functions as a tumor 
suppressor gene in the skin. HR mutations drastically increase skin cancer incidence in response 
to UV irradiation. We also identified several novel target genes of HR including P-REX2, which is 
frequently mutated in melanoma. Given the tumor suppressor role of HR and the prevalence of 
functional disruption of its target gene P-REX2 in human melanoma, we postulated that loss of HR 
activity may play an important role in the malignant transformation of melanocytes via aberrant 
regulation of P-REX2. Gene expression analysis revealed that both HR and PREX2 were signifi-
cantly downregulated in melanoma cells compared with non-malignant melanocytes. In addition, 
gene expression analysis using cDNA arrays containing cDNA samples derived from melanoma 
tissues confirmed a reduced HR expression during melanoma progression accompanied with a loss 
of P-REX2 expression. We also showed that ectopic HR expression in normal human epidermal 
keratinocytes increased P-REX2 expression at both the mRNA and protein levels, suggesting that 
HR is a positive regulator of P-REX2. In human melanoma cells, restoration of HR expression was 
sufficient to abrogate melanoma cell growth and proliferation, consistent with the tumor suppressor 
role of HR in the skin. Taken together, these studies identified HR and its target gene P-REX2 as 
important genes involved in melanomagenesis, which may serve as novel targets to facilitate the 
development of new diagnostic biomarkers and targeted therapies for future melanoma treatment.   
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Loss of p63 from hair follicle stem cells accelerates skin SCC formation
V Balaiya, S Lakshmana Chetty, M Ariefdjohan and MI Koster University of Colorado School 
of Medicine, Aurora, CO
Skin squamous cell carcinoma (SCC) is the second most common form of skin cancer and more 
than 250,000 new cases are diagnosed each year in the US. It has been demonstrated that a subset 
of skin SCCs arises from hair follicle bulge stem cells. We previously found that the transcription 
factor p63 plays a critical role in the activation of these stem cells. Further, we found that focal 
p63 loss occurs in human skin SCCs. Therefore, we hypothesized that loss of p63 from hair follicle 
bulge stem cells would predispose to skin SCC formation. To test this hypothesis, we generated 
K15.CrePR1/p63fl/fl/ROSA26 (experimental) and K15.CrePR1/p63fl/+/ROSA26 (control) mice. In 
experimental mice, topical application of RU486 resulted in simultaneous ablation of p63 and 
expression of β-galactosidase in bulge stem cells. After completion of RU486 treatment, control 
and experimental mice were depilated to activate hair follicle stem cells. Importantly, loss of p63 
did not lead to spontaneous tumor formation. To investigate the role of p63 in skin tumorigenesis, 
mice were then exposed to the multistep skin chemical carcinogenesis protocol. Topical treatment 
with DMBA and weekly applications of TPA led to SCC formation in both control and experimental 
mice. However, experimental mice displayed an earlier onset of SCC conversion and developed 
significantly more SCCs than control mice. Further, SCCs obtained from experimental mice showed 
increased proliferation, impaired differentiation, and increased expression of markers of tumor pro-
gression compared to tumors obtained from control mice. Finally, we found that loss of p63 resulted 
in increased migration of keratinocytes. Taken together, these findings indicate that loss of p63 
from hair follicle bulge stem cells accelerates skin SCC formation, at least in part through increased 
cell proliferation, impaired keratinocyte differentiation, and increased cell migration. Studies are 
currently underway to further elucidate the molecular mechanisms that lead to accelerated skin 
SCC formation in response to p63 loss.    
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C-Myc plays an important role in CYLD mutant-driven skin abnormalities
J Jin,1 S Wang,1 G Mosiolas2 and JY Zhang1 1 Dermatology, Duke, Durham, NC and 2 
Aristotle University of Thessaloniki, Thessaloniki, Greece
Loss-of-function mutations of CYLD, a K63-Ubiquitin specific deubiquitinase, have been linked to 
multiple pathological conditions including skin cancer. The molecular mechanisms underlying the 
pathogenesis are still elusive. We have previously generated a conditional knock-in mouse model 
that express a catalytically deficient C-terminal truncation mutant (CYLDm) through K14-Cre-me-
diated deletion of cyld exon 9 (hereafter refer to Cyld(Ed9/d9). Cyld9(Ed9/d9) mice exhibited hair 
growth defects with increased incidence of inflammation. In response to DMBA/TPA chemical 
challenge, these animals were prone to the development of sebaceous nevi and basaloid tumors. 
Immunohistological analysis revealed that c-Myc was highly expressed in the nuclei of hair follicle 
and sebaceous gland cells of Cyld9(Ed9/d9) mice, as well as human samples of sebaceous nevi and 
cylindroma. Topical application of the c-Myc inhibitor 10058-F4 induced an increased number of 
apoptotic cells in Cyld9(Ed9/d9) skin. Further ubiquitination analysis revealed that expression of 
CYLDm increased K63-ubiquitination of both TRAF6 and c-Myc in epidermal cells and 293T cells. 
Interestingly, c-Myc-K63-Ubiquitination was also increased by exogenous expression of TRAF6 or 
treatment of cells with EGF. Taken together, our findings indicate that CYLDm acts through c-Myc, 
possibly in a TRAF6-depdent manner, to induce skin abnormalities. We hope to further define the 
role of the interactions between TRAF6 and c-Myc both in vitro and in vivo.    
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Myeloid cell-specific p38δ mitogen-activated protein kinase (MAPK) targeting protects male 
but not female mice against skin tumor development
A Kiss, AC Koppel and T Efimova Medicine/Dermatology, Washington University School of 
Medicine, St. Louis, MO
Increased expression and/or activity of p38δ MAPK are demonstrated in human cutaneous malig-
nancies including invasive squamous cell carcinoma, suggesting a role for p38δ in cutaneous car-
cinogenesis. We reported previously that systemic ablation of p38δ caused resistance to tumorigen-
esis in the 7,12-dimethylbenz(a)anthracene (DMBA)/12-O-tetradecanoylphorbol-13-acetate (TPA) 
chemical skin carcinogenesis model. Furthermore, keratinocyte-specific p38δ targeting revealed 
that keratinocyte-intrinsic p38δ function is dispensable for the initiation and promotion stages of 
DMBA/TPA-stimulated skin tumor development, but is essential for malignant conversion of DMBA/
TPA-induced skin papillomas. To investigate the role of immune (myeloid) cell-intrinsic p38δ in 
skin carcinogenesis, we analyzed the impact of the myeloid cell-specific loss of p38δ on tumor 
initiation, promotion and malignant progression during multistage chemical skin carcinogenesis 
using conditional myeloid cell lineage-specific p38δ gene targeting. Tumor onset was significantly 
delayed in male mice with myeloid cell-specific ablation of p38δ (LysM-Cre+/-; p38δfl/f: p38δ-cKOΔM) 
compared with that in control males. In addition, p38δ-cKOΔM males exhibited a significantly 
suppressed DMBA/TPA tumorigenesis, as reflected by a significantly reduced tumor incidence and 
tumor multiplicity, compared with control males, during both the promotion and the progression 
stages of the DMBA/TPA regimen. Moreover, the percentage of mice with malignant tumors was 
significantly lower in the p38δ-cKOΔM male cohort. In contrast, DMBA/TPA-induced skin tumori-
genesis was not affected by myeloid cell-specific p38δ ablation in females. These results show that 
myeloid cell-specific p38δ targeting modifies the susceptibility to chemical skin carcinogenesis in 
a sex-specific manner, and suggest that myeloid cell-intrinsic p38δ signaling is essential for skin 
tumor development in male mice.    
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A subpopulation of epidermal squamous cell carcinoma stem cells drives formation of rap-
idly-growing and highly-vascularized aggressive tumors
G Adhikary,1 D Grun,1 C Kerr,1 S Balasubramanian,1 E Rorke,1 M Vemuri,2 S Boucher,2 
J Bickenbach,3 T Hornyak,1 W Xu1 and R Eckert1 1 Biochemistry & Molecular Biology, 
University of Maryland School of Medicine, Baltimore, MD, 2 Stem Technologies, Life 
Technologies, Frederick, MD and 3 Department of Anatomy & Cell Biology, University of 
Iowa Carver College of Medicine, Iowa City, IA
Epidermal squamous cell carcinoma is among the most common cancers in humans. These tumors 
are comprised of phenotypically diverse cells that display varying potential for proliferation and 
differentiation. An important goal is identifying the cancer cells with enhanced ability to form tumors. 
In the present study, we identify and enrich a subpopulation of squamous cell carcinoma tumor cells 
that form aggressive, rapidly growing, highly-vascularized tumors as compared to non-enriched 
tumor cells. These cells form rapidly-growing, large and aggressive tumors in immune-compromised 
mice when as few as one-hundred cells are injected. Cells isolated from these tumors retain an 
enhanced ability to survive and when explanted, grow under conditions that only permit stem cell 
survival. These cells appear to be cancer stem cells, as they are highly enriched for expression 
of epidermal stem cell and embryonic stem cell markers, including aldehyde dehydrogenase 1, 
keratin 15, CD200, K19, Oct4, Bmi-1, Ezh2 and lysine 27-trimethylated histone H3. We further 
show that knockdown of key stem cell survival protein expression reduces cancer stem cell survival 
and attenuates tumor formation. These interesting studies identify a subpopulation of epidermal 
tumor-forming cells that possess stem cell-like properties and identify survival proteins that are 
enriched in these cells and represent cancer stem cell-specific therapy targets.    
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Arsenic poisoning and associated tumorigenesis involves Yap-regulated disruption of epider-
mal tight/adherens junctions and Shh activation in murine skin
C Li,1 RK Srivastava,1 Z Weng,1 CA Elmets,1 DJ Robbins,2 DR Bickers3 and M Athar1 1 
Dermatology, University of Alabama at Birmingham, Birmingham, AL, 2 Surgery, University 
of Miami, Miami, FL and 3 Dermatology, Columbia University, New York, NY
Chronic human exposure to arsenic causes skin lesions collectively known as arsenicosis but 
the mechanism underlying the pathogenesis of these changes remains enigmatic. Here, we show 
that arsenic-induced disruption of tight/adherens junctions drives epidermal hyperproliferation and 
activation of sonic hedgehog (Shh) signaling. Arsenic-induced disruption of tight/adherens junc-
tions is associated with dysregulation of Yap, a Hippo pathway-related protein. This is driven by 
altering the ratio of phosphorylated Yap (p-Yap) to unphosphorylated Yap. p-Yap is crucial for the 
formation of tight/adherens junctions whereas unphosphorylated Yap migrates to the nucleus to 
initiate transcription of downstream Shh target genes, including Gli2 suggesting a mechanism for 
enhancing the growth of superficial basal cell carcinomas (BCCs) that are known to be increased 
in arsenic-poisoned humans. To demonstrate that arsenic-mediated disruption of tight/adherens 
junctions could drive the pathogenesis of BCCs in a Yap-dependent manner, we used Ptch+/-/
SKH-1 mice as an animal model. Chronic administration of arsenic to these animals recapitu-
lated many of the cutaneous features of arsenicosis that occur in arsenic-exposed humans. It also 
upregulated Shh signaling including expression of Gli2 that drove BCC development in these mice 
that was diminished by administration of the smoothened inhibitor, cyclopamine. Furthermore, 
treatment of immortalized human keratinocytes with low doses of arsenic significantly increased 
cell numbers, and colony number/size in a Gli2-dependent manner. Arsenic-mediated p-Yap 
dephosphorylation required activation of PP2A phosphatase via generation of ROS. Antioxidant 
treatment attenuated PP2A expression and restored the Yap-dependent integrity of tight/adherens 
junctions. Ptch+/-/SKH-1 mouse is the first murine model capable of mimicking the pathogenesis 
of arsenicosis including BCCs.    
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Mitochondrial DNA is essential for epidermal proliferation and is mutated in tumor 
progression
CL Monteleon,1 S Sharma,2 C Cameron2 and TW Ridky1 1 Dermatology, University of 
Pennsylvania, Philadelphia, PA and 2 Biochemistry and Molecular Biology, The Pennsylvania 
State University, University Park, PA
Although mutations in mitochondrial genes are observed in cancer cells, how these alterations 
contribute to the metabolic changes that occur in tumor progression is unclear. We sequenced the 
mitochondrial genomes from matched normal/epidermal squamous cell carcinoma (SCC) samples 
from both human tumors and model human SCC xenografts. SCC-specific mutations clustered in 
the mtDNA transcription/replication regulatory region suggesting that these changes contribute to 
tumor formation. Functional assays revealed that these mutations altered regulation of mitochondrial 
transcription. To further investigate requirements for mtDNA transcription/replication in epidermis, 
we used shRNA to target the mitochondrial transcription factor A (TFAM), which is required for 
transcription of mitochondrial genes, replication of the mitochondrial genome, and segregation of 
mtDNA during mitochondrial fission/fusion. TFAMi keratinocytes were unable to proliferate in vitro 
and succumbed to mitochondrially-mediated apoptosis. Consistent with this in vitro cell death, 
TFAMi keratinocytes were unable to form epidermis in vivo. In organotypic human skin cultures, 
TFAMi resulted in the loss of basal cell proliferation and viability, but relative preservation of 
suprabasal differentiation. This suggests that dividing basal cells have a higher TFAM requirement 
than post-mitotic differentiating cells. Investigating specific mitochondrial functions required in 
each normal epidermal layer, and how they relate to mitochondrial requirements in neoplastic 
tissue will help define the metabolic changes critical for epidermal tumor progression, and may 
help identify therapeutic cancer targets.    
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Ionizing radiation induces senescence and silences IGF-1 expression in normal human fibro-
blasts; Its implications for exposure of astronauts to space radiation
DF Spandau,1 DH Southern,1 MS Mendonca2 and JR Dynlacht2 1 Dermatology, Indiana 
University School of Medicine, Indianapolis, IN and 2 Radiation Oncology, Indiana 
University School of Medicine, Indianapolis, IN
Our laboratories have shown that the normal function of mesenchymal fibroblasts is vital for epi-
dermal keratinocytes to withstand UVB-induced cellular damage and tissue damage. Specifically, 
IGF-1 secreted by dermal fibroblasts prevents the initiation of UVB-induced carcinogenesis in 
epidermal keratinocytes. This new paradigm describing how aging-related dermal fibroblast senes-
cence influences photocarcinogenesis raises an important question for the role of the accumulation 
of senescent fibroblasts from extrinsic/iatrogenic factors as a mechanism of increased rates of skin 
cancers in non-geriatric patients. According to NASA, astronauts have a more than 3-fold greater 
risk of developing non-melanoma skin cancer (NMSC) than a matched comparison cohort. We 
hypothesize that exposure to space radiation results in premature senescence in dermal fibroblasts, 
creating a premature aging phenotype in the skin. The accumulation of senescent dermal fibroblasts 
increases the terrestrial sensitivity of the skin to both the initiation and promotion of UVB radia-
tion-induced squamous cell carcinoma. To begin to evaluate this hypothesis, we exposed normal 
human fibroblasts to varying doses of X-rays. Exposure of normal human fibroblasts to low-moderate 
doses of X-rays (0.5-5 Gy) resulted in a dose-dependent increase in the percentage of cells that 
became senescent. Furthermore, the expression of IGF-1 was silenced in a dose-dependent manner. 
At a dose of 5 Gy, the expression of IGF-1 was reduced by over 8-fold, while doses as low as 0.5 
Gy still yielded a reduction IGF-1 expression of nearly 2.5-fold. These data strongly suggest that 
irradiation of fibroblasts with space radiation has the potential to silence IGF-1 expression as well, 
and possibly plays a role in the increased susceptibility to NMSC seen in astronauts.    
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IL-1β deficiency, coupled with IL-1α sufficiency, leads to robust T cell mediated tumor 
immunity
T Tian, RC Fuhlbrigge and TS Kupper Dermatology, Brigham and Women, Boston, MA
Using both B16 melanoma and EL4 lymphoma implantable tumor models, we made the striking 
observation that IL-1β-/- mice were resistant to tumor growth. In these mice small tumors grew 
initially, were then spontaneously rejected, and the surviving mice enjoyed lifelong immunity to 
the tumor. The role of the adaptive immune system was confirmed when the protective effect of 
IL-1β-/- status was abrogated by T cell depletion (CD8>CD4). Remarkably, these effects could be 
reproduced in non-transgenic mice in vivo using a blocking antibody to IL-1β. These results seems 
to suggest that IL-1β signaling facilitated tumor growth, and the lack of IL-1β signaling blocked tumor 
growth. To test this hypothesis, we used IL-1R-/- mice, which cannot respond to IL-1β. Surprisingly, 
in these mice, tumor growth was not suppressed. Neither was it suppressed in IL-1α-/- mice. In 
tumors from these latter two strains of mice, CD8 T cells were sparse and myeloid derived suppres-
sor cells (MDSC) were abundant. In contrast, in rejecting tumors from IL-1β-/- mice, MDSC were 
almost non-existent and CD8 T cells were abundant. To test for a role of IL-1α, we treated tumor 
bearing IL-1α-/- mice alongside normal mice with the blocking antibody to IL-1β. We confirmed 
the protective effect in normal mice, but in IL-1α-/- mice, the IL-1β blocking antibody conferred 
absolutely no tumor suppression. Paradoxically, this suggests that the simultaneous absence of 
IL-1β and presence of IL-1α were required for robust tumor immunity. Normal bone marrow cells 
implanted into irradiated (IR) IL-1β-/- recipients led to tumor-resistant chimeras. IL-1β-/- BM cells 
implanted into IR normal mice, as well as normal BM cells implanted into IR normal mice, generated 
tumor-sensitive chimeras. We propose a model where the endocrine effects of IL-1β (i.e., on MDSC 
generation) promote tumor growth while the paracrine effects of IL-1α on antigen presentation favor 
tumor rejection. Provacatively, blocking IL-1β antibodies are now in clinical use, so some of these 
hypotheses can be tested.    
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TOX profoundly disrupts cellular proliferation and apoptosis in cutaneous T cell lymphoma
Y Huang,1 Y Wang,2 M Su,1 X Jiang3 and Y Zhou1,3 1 Dermatology and Skin Science, 
University of British Columbia, Vancouver, BC, Canada, 2 Dermatology and Venereology, 
Peking University First Hospital, Beijing, China and 3 BC Cancer Agency, Vancouver, BC, 
Canada
TOX is a transcription factor essential for early development of CD4+ T cells. Normally in mature 
CD4+ T cells, TOX is not expressed. Previous studies showed that CD4+ T cells in cutaneous T cell 
lymphoma (CTCL) ectopically express TOX. The objective of this study is to examine if aberrant 
TOX expression contributes to CTCL pathogenesis. In three CTCL cell lines (Hut78, HH, and SZ4), 
ectopic TOX expression was corrected by lentiviral-shRNA-mediated TOX gene knock-down. In 
all cell lines, this resulted in dramatic reduction of cellular proliferation, increased apoptosis, and 
decreased colony formation in 3D cultures. In addition, expression of several tumor suppressor 
genes, including FOXO3, were found increased upon TOX knock-down in comparative transcrip-
tome analysis between TOX-suppressed cells and control CTCL cells. Pathway analysis of the differ-
entially-expressed genes uncovered activation of apoptotic pathway upon TOX suppression. These 
findings were confirmed by quantitative RT-PCR. Thus, our results indicate that ectopic expression 
of TOX in CTCL cells causes the proliferation/apoptosis balance to shift toward proliferation by 
suppressing the transcription of multiple tumor suppressors. Therefore abolishing TOX activity may 
be a promising treatment strategy for CTCL.    
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Vitamin D3 enhances the response of resistant squamous carcinoma cell lines to photody-
namic therapy
A Juarranz,1 O Kourani,1 N Salazar,1 A Damian,1 A Zamarron,1 S Lucena,1 S Gonzalez2 and 
Y Gilaberte3 1 Biology, Universidad Autonoma de Madrid, Madrid, Spain, 2 Dermatology, 
Memorial Sloan-Kettering Cancer Center, New York, NY and 3 Dermatology, Hospital San 
Jorge de Huesca, Huesca, Spain
Photodynamic therapy (PDT) is a therapeutic modality used in the treatment of actinic keratosis 
and in situ squamous cell carcinoma (SCC). PDT relies on the use of a photosensitizer (PS) able to 
accumulate selectively in the tumoral tissue and, in the presence of light and oxygen, triggers the 
production of reactive oxygen species, causing tumor cell death. PDT is not always effective and 
resistant cell populations may appear, being responsible for tumor recurrence. PDT optimization 
and new therapeutic approaches to achieve tumor eradication are under investigation. In this 
respect agents capable of inducing cell differentiation, like calcitriol the active form of vitamin D3, 
are being studied. We have evaluated the effect of calcitriol treatment on different SCC cell lines, 
sensitive (SCC-P) and resistant (SCC-10G) to MAL-PDT to determine whether calcitriol enhances 
the effect of this therapy. Our results confirm the pro-differentiating (cell morphology) and anti-
proliferative activities (mitotic and KI67 index) of supraphysiological non toxic concentrations of 
calcitriol in SCC cells. The expression patterns of E-cadherin and β-catenin were not altered although 
a decrease in the percentage of p-Survivin positive cells after calcitriol treatment was observed. The 
protoporphyrin IX levels as well as the phototoxic effect of PDT was enhanced, both in sensitive 
and resistant cell lines, when cells were pretreated with calcitriol. Our results indicate a positive 
effect of calcitriol to overcome the cellular resistance to MAL-PDT.    
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Merkel cell polyomavirus small T antigen is sufficient for rapid epithelial transformation 
in vivo
ME Verhaegen,1 DM Mangelberger,1 TD Vozheiko,1 JW Weick,1 E Nazzal,1 D Wilbert,1 
PW Harms,2 TL Saunders3 and A Dlugosz1 1 Dermatology, University of Michigan, Ann 
Arbor, MI, 2 Pathology, University of Michigan, Ann Arbor, MI and 3 Internal Medicine, 
University of Michigan, Ann Arbor, MI
Merkel cell carcinoma (MCC) is a rare and deadly neuroendocrine skin tumor associated with clonal 
integration of a Merkel cell polyomavirus (MCPyV) that harbors an early region transforming antigen 
(TAg) locus encoding two putative oncoproteins: small (s) and large (L) TAgs, with viral-positive 
tumor cells expressing sTAg and C-terminally-truncated (t) LTAg. The potential function of these 
viral TAgs as oncogenic drivers in vivo has not yet been addressed. We have now analyzed their 
transforming potential using a Keratin (K) 5 promoter-based transgenic cassette to generate a panel 
of TAg-expressing mice which we analyzed as pre-term embryos. While K5-driven expression of 
LTAg or tLTAg failed to elicit a detectable epithelial phenotype, expression of sTAg induced striking 
alterations in skin, tongue, palate, and oropharynx in multiple independent founders. Histology 
and analysis of epithelial lineage markers revealed hyperplastic and disorganized epithelia with 
a reduction of differentiated epithelial cell layers. Cells expressing the basal layer marker K5, the 
proliferation marker Ki67, and mitosis marker pHH3 were detected in nearly all strata of altered 
epithelia. In contrast, the number of cell layers expressing the late-stage epidermal differentiation 
marker loricrin was reduced and the thickness of stratum corneum decreased. Furthermore, the 
hyperplasia-associated keratins K6 and K17 were abundant in interfollicular transgenic epidermis, 
and the DNA damage marker γH2AX and apoptosis marker CC3 were expressed in many upper 
strata cells. Finally, tumor-like aggregates of undifferentiated epithelial cells were visible protruding 
into underlying mesenchyme in the oropharynx. The rapid development of a transformed epithe-
lial phenotype establishes MCPyV sTAg both as an oncogenic driver in this in vivo model, and a 
potential therapeutic target for the treatment of MCPyV-driven tumors.    
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Divergent inositol-requiring enzyme 1 rnase activities dictate the senescence response of 
mouse keratinocytes to oncogenic RAS and are linked to tumor progression
N Blazanin, C John, B Zhu, J Peters and A Glick Center for Molecular Toxicology and 
Carcinogenesis, Pennsylvania State University, University Park, PA
Oncogenic activation of Ha-Ras is a key event in epidermal carcinogenesis, however in primary 
cells it initially triggers a proliferative response followed by irreversible growth arrest and premature 
senescence. How this senescence response is regulated and bypassed is not completely understood. 
Our results show that in primary mouse keratinocytes Inositol-Requiring Enzyme 1 (IRE1a), an 
endoplasmic reticulum transmembrane kinase/endoribonuclease important in the unfolded protein 
response, regulates the senescence response to v-Ha-RAS (HRAS) through its two distinct RNAse 
outputs, XBP1 splicing and Regulated IRE1a Dependent mRNA Decay (RIDD). HRAS induced pro-
liferation in keratinocytes was associated with increased IRE1a phosphorylation, transient increase 
in spliced XBP1 and activation of RIDD. XBP1 knockdown with shRNA reduced HRAS prolifer-
ation and accelerated senescence while pharmacologic inactivation or knockdown of IRE1a also 
reduced proliferation but blocked senescence. TGFβ1, a potent inducer of keratinocyte senescence 
increased IRE1a phosphorylation, inhibited XBP1 splicing but enhanced RIDD degradation of spe-
cific mRNA targets. IRE1a knockdown or pharmacologic inhibition blocked TGFβ1-induced senes-
cence. Microarray analysis of HRAS keratinocytes with IRE1a knockdown revealed RIDD regulated 
mRNAs whose expression was linked to senescence. These RIDD genes were downregulated in 
benign mouse skin tumors but upregulated in SCC, but the percentage of spliced XBP1 was similar 
in both tumor types indicating unlinking of these two functions of IRE1a during tumor progression. 
These results suggest that RIDD is tied to senescence in vitro and the benign tumor phenotype in 
vivo and that suppression of RIDD, but not XBP1 splicing, is important for malignant progression. 
We propose that the balance between XBP1 splicing and RIDD determines whether a premalignant 
tumor cell undergoes proliferation and tumor progression or senescence and tumor suppression.   
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Treatment of melanoma using talimogene laherparepvec and vemurafenib combination ther-
apy in murine model
Y Fu,1 EH de Moll,1 C Beers,2 N Bhardwaj,1 MG Lebwohl3 and Y Saenger1 1 Division of 
Hematology and Oncology, Icahn School of Medicine at Mount Sinai, NY, NY, 2 Amgen 
Oncology International,, Thousand Oaks, CA and 3 Department of Dermatology, Icahn 
School of Medicine at Mount Sinai, New York, NY
This study assessed the efficacy of talimogene laherparepvec (T-vec) plus BRAF-inhibitor, vemu-
rafenib, in spontaneous murine model of melanoma. We studied 18 BRAF V600E+ / PTEN +/+/ 
Ty-CRE+ mice with melanoma tumors >5mm in a placebo-controlled trial.(Dankort, Curley et 
al. 2009) Nine mice received T-vec virus injection and mouse chow containing BRAF-inhibitor 
PLX4072. T-vec was injected intratumorally at a dosage of 50uL of 108pfu/mL twice every week. 
The remaining nine mice received BRAF-inhibitor chow and the tumor sites were injected with 
50uL of phosphate buffered saline. Tumor size was measured with a caliper before every injection. 
Talimogene laherparepvec (Amgen) is an oncolytic herpes simplex virus engineered to replicate 
selectively in tumor cells, and it causes death of melanoma cells in two ways: 1) direct oncolytic 
destruction, and 2) stimulation of an immune response. Phase II and III studies showed evidence of 
benefit.(Senzer, Kaufman et al. 2009, Kaufman and Bines 2010) T-vec is effective in the treatment 
of cutaneous metastasis.(Kaufman, Kim et al. 2010) BRAF-inhibition is another shown to improve 
survival in metastatic melanoma. We tested if T-vec enhances the activity of BRAF-inhibition in a 
spontaneous mouse model of BRAF mutant melanoma. The tumor size in the combined therapy 
group is significantly smaller than the control group (p=0.0079 [as of 1.7.14]). The trend of fold 
change has shown the advantage of combined treatment (p<0.0001). Patterns of accumulation of 
immune cells at the tumor and tumor draining lymph node were assessed by flow cytometry in 
both groups. We find that combination therapy is significantly more effective than BRAF- inhibition 
alone. Combination therapy of T-vec and BRAF inhibition may be a promising strategy for clinical 
application, particularly for the treatment of unresectable stage III melanomas.    
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High-level Hedgehog signaling activity overrides resistance of hair follicle stem cells to neo-
plastic transformation
M Grachtchouk, K Fiehler, D Wilbert, J Pero and A Dlugosz Dermatology, University of 
Michigan, Ann Arbor, MI
We have previously shown that acute induction of oncogenic Hedgehog (Hh) signaling in skin leads 
to basaloid hyperplasia arising from multiple progenitor cell populations, with the striking exception 
of follicle bulge stem cells. We have re-examined the resistance of bulge stem cells to oncogenic 
transformation by comparing responses to GLI2* expression driven by the Keratin 14 promoter, using 
K14-rtTA;tetO-GLI2* (iK14;GLI2*) mice, versus the Keratin 5 promoter, using K5-rtTA;tetO-GLI2* 
(iK5;GLI2*) mice. In both of these models treatment with doxycycline (doxy) leads to activation of 
GLI2* transgene in basal cell populations, enabling us to compare responsiveness of bulge cells 
and other basal cells. H&E histology showed no striking difference in telogen skin phenotype after 
2 days of transgene activation, but by 5 days substantial basaloid hyperplasia was detected in the 
bulge compartment of iK5;GLI2* but not iK14;GLI2* mice. In situ hybridization and immunostain-
ing analysis revealed that iK5;GLI2* mice express a substantially higher level of transgene and Hh 
target genes in all basal layers, including the bulge, than iK14;GLI2* mice. Despite the lack of a 
morphological response affecting bulge cells of iK14;GLI2* mice, expression of the proliferation 
marker Ki67 was induced in this normally quiescent population in both the K14- and K5-driven 
models. However, colchicine administration to arrest cells in mitosis revealed pHH3+ mitotic cells 
in the bulge compartment of K5- but not K14-driven bitransgenic mice. Our data indicate that the 
lack of basaloid hyperplasia in the bulge of K14-driven GLI2* mice is associated with lower-level 
Hh signaling than in K5-driven mice and may be related to impaired cell cycle progression and 
increased apoptosis. In contrast, high-level GLI2* expression and Hh signaling in iK5;GLI2* mice 
overrides bulge resistance to stimulate hyperplasia, supporting the concept that even cells which 
are normally protected from cancer development can produce tumors in the setting of sufficiently 
high oncogenic signaling.    
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Genomic landscape of MCPyV+ and MCPyV- Merkel cell carcinomas
J Choi,1 G Goh,2,3 T Walradt,1 A Blom,4 AS Moshiri,4 P Nghiem4 and R Lifton3,4 1 
Dermatology, Yale, New Haven, CT, 2 Genetics, Yale, New Haven, CT, 3 Howard Hughes 
Medical Institute, Chevy Chase, MD and 4 Dermatology, University of Washington, Seattle, 
WA
Merkel cell carcinoma (MCC) is an aggressive primary neuroendocrine carcinoma of the skin. The 
etiological role of infection with Merkel cell polyoma Virus (MCPyV) is well established in 80-97% 
of MCCs. However, the landscape of somatic mutations remains poorly characterized for both 
MCPyV+ and MCPyV- MCCs. To identify the genetic basis of MCC, we performed the first (to our 
knowledge) whole exome sequencing analysis of MCC on 54 matched tumor-normal pairs. Of these, 
33 were MCPyV positive and 21 MCPyV negative MCCs. Architecturally, we found significantly 
fewer somatic copy number alterations in MCPyV+ MCC (7 per MCPyV+ MCC vs. 15 per MCPyV- 
MCC p-values<0.0001 ). Strikingly, there were far fewer single nucleotide mutations in the virus 
MCCs (9.5 per McPyV positive MCC vs. 1161 per MCPyV negative MCC, p-value<0.0001). We 
found only two genes with a mutation burden statistically greater than expected by chance alone, 
TP53 (37%) and RB1 (21%); these mutations tended to arise in definitively virus negative MCCs. 
Furthermore, there was a low prevalence of cancer-promoting oncogenic mutations in the following 
genes: BRCA2 (11.1%), BRCA1 (9.3%), BAP1 (7.4%), ATM (5.6%), PIK3CA (3.5%), PTEN (3.5%), 
AKT1 (1.8%), TSC1 (1.8%), HRAS (1.8%), KRAS (1.8%), B2M (1.8%), HLA-B (1.8%), and HLA-C 
(1.8%). These genes cluster into three pathways, (DNA damage response (40.7%), PI-3-K (19.6%), 
and immune evasion (5.6%)), which suggest their importance for MCC pathogenesis in vivo. These 
data cumulatively define the spectrum of mutations in MCPyV positive and MCPyV negative MCC 
as well as identify potential clinically actionable biomarkers and therapeutic targets.    
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The mechanism underlying p53’s anti-BCC function in Ptch1+/- mice
GY Wang, C Wood, H Hu, J Wang, E Libove and EH Epstein Research, Children’s Hospital 
Oakland Research Institute, Oakland, CA
Basal cell carcinomas (BCCs), the most commonly diagnosed human cancer, typically arise in 
sun-damaged skin containing epidermal clones of p53 mutant cells, implying that p53 is a crucial 
BCC tumor suppressor. It is generally believed that p53 can be activated by DNA damage response 
(DDR) and/or by oncogene-induced stress (OIS). The latter is mediated by p19ARF tumor suppressor. 
In order to investigate how p53 is activated in BCC, we used genetically engineered mouse models 
to evaluate the effect of DDR or OIS on BCC carcinogenesis. We treated Ptch1+/- K14CreER2 p53fl/
fl (PF mice) with tamoxifen to delete p53 specifically in K14-expressing keratinocytes at age 6 wks 
(before IR) or 9wks (after IR). All the mice received ionizing radiation (IR) at age 8wks. We found 
that both groups developed similar number of visible BCCs between age 5-8 mon. By contrast, 
Ptch1+/- (p53+/+) control mice did not develop any visible BCCs until 9-12 mon. In addition, 
analysis of microscopic BCC on 5-mon skin biopsies showed that both groups showed similar tumor 
burden, which was significantly greater than that of Ptch1+/- mice. The above data strongly suggest 
that DDR might not be responsible for activating p53 during BCC carcinogenesis. On the other 
hand, we analyzed the BCC formation in IR-treated Ptch1+/- ARFGFP/GFP (ARF mice) that have no 
functional ARF. Assessment of 5-mon skin biopsies showed t no significant difference in microscopic 
BCC burden between ARF and Ptch1+/- mice. However, ARF mice also developed visible BCC 
starting from 5-8 mon as did the PF mice. The above data indicated that loss of functional ARF or 
p53 promoted the malignant conversion of microscopic BCC to visible BCC. However, only loss 
of p53, but not loss of ARF, enhanced tumor initiation. Taken together, our findings suggest that 
ARF-mediated OIS pathway might play an essential, if not exclusive, role in activating p53, and 
thereby regulating malignant transformation of BCC. Apparently ARF-independent p53 activation 
controls tumor initiation.    
